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OR nearly a century, Ryerson has 


been meeting the steel requirements 


| S (O( K of industry. Ten complete plants carry | 
» © N the world’s largest and most diversified 


stocks, making it easy to concentrate 


IMMEDIAI purchases through one dependable 


. on these stocks—you are sure to find 
= H | PME N | the kind and quality of steel yourequire. 
in a full range of sizes. You can count 
on personal attention for every order — 
with quick shipment assured. 
JOSEPH T. RYERSON & SON, Ine. 
ed 9 Chicago - Milwaukee - St. Louis - Cincinnati - Boston 
; : e Buffalo - Cleveland - Detroit - Philadelphia - Jersey City 
PARTIAL LIST OF STEEL PRODUCTS ALWAYS IN STOCK: 
Alloy Steels—Tool Steels Serew Stock Channels, Angles Rails, Spikes, Etc. Reinforcing Bars . 
Heat Treated Alloy Steel Bars Strip Steel, Flat Wire Hot Rolled Bars Boiler Tubes & Fittings Copper & Brass 3 
Stainless Steel Mechanical Tubing Hoops and Bands Welding Rod Babbitt Metal 5 
Celd Finished Shafting Structurals Plates, Sheets Rivets, Belts Solder, Flux, Ete. P 
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What is good steel? And what makes good 
steel good? As applied to Timken Alloy Steel 
"good" means, first of all, steel that best meets 
the individual user's specific requirements—steel 
that embodies the most suitable combination of 
chemical, metallurgical and physical characteris- 


fabrication. In the second place, “good steel” 
as interpreted by Timken, means steel that is 
consistently true to its predetermined grade— 
steel that has passed every test in the searching 
system of Timken Quality Control. 


Generally speaking, good steel—Timken Steel— 


tics for a particular purpose—steel that exactly means the same to all, namely SATISFACTION 


matches the user's needs in both service and —and satisfaction begets good will. 


THE TIMKEN STEEL & TUBE COMPANY, CANTON, OHIO 
District Offices or Representation in the following cities: Detroit Chicago New York Los Angeles Boston Philadelphia 
Houston Buffalo Rochester Syracuse Tulsa Cleveland Erie Dallas Kansas City 
St. Louis Cincinnati Huntington Pittsburgh World's Largest Producer of Electric Furnace Stee 
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HEAT TREATING 


AND FINISHING 
METHODS AND SUPPLIES 


Operations in Controlled Atmospheres Have Been Topics of Interest for Years 
— Note Numerous Issues of Metal Progress Since 1930 —But This Section Tells 


of a Recently Built and Very Cleverly Designed Unit for Automatic Hardening 
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BLAST CLEANING 


HEAT TREATED PARTS, 
TOOLS, DIES, GEARS, ETC. 


PANGBORN Blast Cleaning Cabinets, Barrels and other 
types of equipment are in daily use removing scale, rust 
and dirt from all sizes and shapes of Heat Treated parts 
... and are doing this work at lowest possible cost. 


Blast Cleaning gives products a uniform finish. Blast 
Cleaning production is constant. Quality is improved, 
output is increased, and cost is lowered. 


PANGBORN Blast Cleaning equipment is designed for 


hand or automatic operation, as may be required. Special 
process machines may be recommended by our engi- 
neers to speed production or reduce cost. No cleaning 
problem is too small, or too big, for our careful consid- 
eration and analysis. 


PROOF 
196 PANGBORN Airless Blast Cleaning, Pressure Blast 
Cleaning and Dust Collecting Units have been sold in 
55 days! This is striking testimony to industry's new con- 
fidence in the future . . . and to its faith in the quality, 
efficiency and profit-making features of PANGBORN 
products. 


AIRLESS BLAST CLEANING 
The latest, and possibly most important, PANGBORN 
achievement is the ROTOBLAST unit . . . which cleans 
by centrifugal force, eliminating compressed air. Read 
all about it in Catalog No. 200, now ready. 


BULLETINS @N ALL TYPES OF EQUIPMENT AVAILABLE 


PAN 


WORLD'S LARGEST MANUFACTURER OF BLAST CLEANING AND DUST COLLECTING EQUIPMEN” 
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ANUFACTURE OF SHAFTS FOR 
automobile shock absorbers of the hydraulic type 
utilizes the recently acquired information about 
steels with controlled grain size. They are also 
heated in precisely controlled atmospheres. The 
present process avoids serious difficulties en- 
countered in the past, and may shed light on 
similar or related problems in other fields. 

As is probably well known, a hydraulic shock 
absorber is essentially a dampening device at- 
tached to a leaf or coil spring. As the spring de- 
presses or rises above normal height, oil is forced 
from one chamber to another through a small 
orifice, and the resistance offered by this fluid 
flow absorbs enough energy to bring the oscil- 
lating spring to rest after a comparatively few 
oscillations. Various machine elements, like 
lever, shaft, cam, bearings and piston, are re- 
quired to transfer the forces from spring shackle 
to oil chamber. 

One of these mechanical elements is the shaft 
in question. Various designs of shock absorbers 
are in production, and this part may therefore be 
anything from 34 in. diameter by 3 in. long to 
1.016 in. diameter by 10 in. long. Representative 
examples are photographed on the next page. 
(heir essential parts are ribbed areas (where 
levers or cams are pressed on) and ground jour- 

ils. The shorter, stockier shafts are used on the 
single-action type of shock ab- 
sorbers, made since the beginning. 
‘hese were hardened satisfactorily 
routine production, but difficul- 
‘ appeared with the long shafts 
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By S. K. Oliver 


Metall 


SHAFTS OF 1040 STEEL 
HARDENED FROM CON- 


TROLLED ATMOSPHERE 


for the double-action, knee type shock absorbers 
designed to work with independently sprung 
wheels. In this article attention will be confined 
to long shafts, it being understood that the prac- 
lice was developed with a background of infor- 


mation acquired in several years’ production of 


the shorter shafts. 

These shafts are made of S.A.E. 1040 steel, 
which when water quenched will give Rockwell 
C-55 to C-62 hardness, suflicient for wear resist- 
ance in the bearings. The job is made in screw 
machines; cold drawn bars are used _ for 
their uniformity of size and machinability. 
When first put into production, they were hard- 
ened in a pusher type of furnace; the workman 
laid the shafts out in grooves in the trays, and 
at the discharge end the trays were tilted so the 
shafts slid end-on into a water tank, six feet deep. 

This practice when applied to the longer 
shafts gave large losses in production. About 
one-third of them would be warped more than 
the tolerance for straightness (plus or minus 
0.005 in. at center, shaft turned on vee blocks at 
ends). These would then be straightened, but 
if the steel were of a deep hardening variety, 
most of them would break under the press. In 
that case it was necessary to anneal the shafts 
before straightening and then reharden. Even 
if the steel were shallow hardening and could be 
straightened, that operation should be avoided 
wherever possible, for it does not improve a 
quality product. 

Difficulties also arose from the 


rea variable amount of scale. In both 
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the deep and shallow hardening 
steel, an unduly thick patch of 


" 
5 
be 
ws 
| 
an at 


oxide would prevent a rapid quench and a soft 
spot underneath would be the result. Bunching 


yipe 5 ft. long, against a rising stream o;) 
> ~ old 


water. 


in the quench tank also caused some variations These shafts so treated were clean, wit)oyt 
in the hardness, so that constantly rising stand- scale, and the amount of straightening required 
ards could not be met. Furthermore, the scaled was reduced materially (but not entirely, due to 
ribs had to be wire brushed to remove any par- rough handling or carelessness of workmey jy 
ticles of scale that might be present. It rapidly the quenching operation). It was also found that 


became apparent that some scheme must be 
worked out which would eliminate warping cer- 


a warped shaft could not be straightened unless 
annealed, due to the brittleness set up by the 
nitrogen case imparted from the eva- 
nide bath. 

For large production of the longer 
shafts for double-action shock absorh- 
ers, this needed a number of cyanide 
pots operating 24 hr. per day, which 
resulted in high furnace maintenance, 
heavy personnel turnover, and high 
cost per finished shaft. The worst thing 
about the process, however, was that 
the hardness on the bearing journals 
was not uniform. It is well known that 
cold drawn rod is slightly decarburized 
on the surface (due to the method of 
heating billets and bars in the hot roll 
ing mill). This decarburized skin is 
of variable thickness, and it was found 
impossible to recarburize it successfully 
on the unmachined portions of the 
shaft, even when using cyanid 
baths energized with considerable 9 
cvanide salt. Consequently, a rather 
large allowance had to be ground off to 
get down to the O40% carbon metal, 
and even then, this was liable to be 
insufliciently hardened. (This exper- 
ence checked that with the shorter 


shafts, hardened in baskets in cyanide, 
and dumped batch by batch into a well- 
baffled water tank; uniform hardness 


Representative Examples of the Shaft to Be Hardened. 
The ones with the counterbored ends were especially 
Mie 4 troublesome when made of deep hardening steel, for 
ee fe these ends were expanded and welded to an arm after 


assembly, and a large proportion would then 


tainly, and would also prevent scaling if possible. 

An analysis of the heating and quenching 
operation indicated that a part as symmetrical 
about its longitudinal axis as one of these shafts 
should come out of the quench quite straight if 
it were properly supported during heating, 
heated uniformly without scale, transferred to 
the quenching medium without striking anything, 
and quenched vertically and uniformly on all 
sides. Such a program was put in practice by 
placing the shafts vertically in a rack, heating 
them in cyanide, withdrawing them one by one 
with tongs, and dropping them down a 1's-in. 


6 


always seemed to be “just around thie 
crack 
corner” !) 

About this time, the importance o! 
grain size control was brought forcibly to our 
attention by a large proportion of failures in on 
design of our short shafts. As shown in the 
engraving, one end is counterbored so that when 
the lever arm is pressed on, the hollow end of th 


shaft can be expanded and welded to the hu! 
of the arm by an operation in a resistance welde! 
If such a shaft is made of a coarse grained, dee) 
hardening steel, the thin walls at the counte! 
bored end will harden clear through and c! 
cither in the hardening process, or when press!!'s 
on the lever arm. This was cured by ordering ‘ 
S.A.E, 1040, grain size 6 to 8 by MeQuaid-Ehn | 
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Qne of Several Hooded Cyanide Pots Used for Hard- 
ning the Longer Shafts. Observe fixture, partly loaded 
ith shafts, to hold them vertically during the heating 


(In passing, it might be remarked that the 
MeQuaid-Ehn grain size is that achieved during 
carburizing at 1750° F., whereas these shafts are 
never hotter than 1500 or 1525° F. Therefore 
the grain size should be determined at a tempera- 
ture slightly below the A, range, that is, the heat 
treating range as suggested by Bain and Daven- 
port. Essentially we want an inherently fine 
grained, tough, shallow hardening steel in the 
finished part.) 

We therefore started the manufacture of 
long shafts with steel of controlled grain size at 
about the same time we turned attention to a 
hardening furnace with atmospheric control. Our 
experiments with various methods of quenching 

especially in long water pipes indicated 
that variable scale would influence the uniform- 
ity of hardening enough to pull the shafts out of 
line, so we worked out an atmospheric control 
for reducing this oxide to zero. Naturally, we 
did much preliminary work on a small scale, 
suided by experience in the tool hardening de- 
partment, with furnaces of the Hayes “Certain 
Curtain” type, and experimental muffle furnaces 
ipable of precise atmosphere control. 

A first attempt was made with raw gas in a 
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high nickel alloy tube. The gas is 1050-B.t.u, 
natural gas of the following analysis: CH, %.7 
C.H, 2.9°,., CO 1.957, O, 0.74) and N, 
of such a nature, and the catalyzing action of 
the high nickel tube at 1500° F. is such that cold 
gas would “crack” and deposit much carbon, 
Which not only would cling to the shaft, inter 
fering with the quench and constituting a clean 
ing problem, but in short time actually plugging 
up the tube with carbon soot. 

This sooting problem was solved by two ex 
pedients. Tubes are now made of lower nickel 
sheet, bent to shape and welded longitudinally 
(cither low carbon 18-8 with 2% silicon, or an 
other alloy containing about 25°. chromium, LE, 
nickel). These tubes are set in a long furnace 
with a considerable temperature gradient, and 
the gases are introduced at the cool end, working 
their way gradually through and apparently 
undergoing some stabilizing reactions at the 
lower temperatures, as indicated in the curve on 
page 10, which represents a temperature-analysis 
survey of the conditions in the heated tubes, when 
filled with work, end to end. 

With this longer tube furnace available, trial 
runs were made with gas “preformed” in a sepa 
rate unit that is, the natural gas would be 
partially burned in given quantities of air, de- 
hvdrated to certain’ humidities, and passed 
through the hot tubes with the work. Although 


First Quenching Devices for the Longer Shafts. Shafts are 
posed as they enter sleeve guiding them into top end of pipe 
where they drop down through a rising column of cold water 
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numerous mixtures were tried, ranging up to 9 
times as much air as gas (complete combustion), 
results were not satisfactory. Over a large range 
of atmosphere conditions, the shafts would 
quench out nice and clean, free of scale, but un- 
fortunately not hard enough. Apparently what 
was needed was a protective atmosphere that 
would slightly carburize, and this could not be 
formed simply by partial combustion of our gas 
in a separate unit. 

It was suggested that a gas-air mixture be 
introduced into the furnace tube with the work. 
This in fact has solved the problem not with- 
out some false starts, however. If the gas en- 
trance is placed at the discharge or hottest part 
of the tube, there is liability of coking, and also 
the uncombined oxygen coming into contact with 
the hot shafts causes sealing. (As little as 0.5°% 
air will scale the shafts.) 


Gas-Air Mixture Introduced With Work 


The successful plan introduces air-gas mix- 
ture (1 part air to 1 part gas) into each tube near 
its entrance end. A considerable excess is used, 
so that a flame burns at the mouth of each tube. 
The far end (hot end) opens into a hopper-like 
‘asing, and a light suction of about 0.1 in. water 
pressure is induced by a fan leading from the 
back wall of this casing. In this way, it is insured 
that no air will be drawn in with the work, or 
through the seals where tubes connect to unload- 
ing hopper in the furnace combustion chamber, 
and the prepared atmosphere will move slowly 
forward from colder to hotter regions with the 
work, In this way, the relation of CO, CO., and the 
remaining hydrocarbons is controlled as shown 
in the diagram (page 10); at least it is controlled 


Floor Line 
General Drawing of Continuous Hara- 4 Water Ove 
ening Furnace by Surface Combus- 
" 


tion Corp., Gas Fired, for S.A.E. 1040 
Shafts, Heated in Slightly Carburiz- 
ing Atmosphere in 18 Small Tubes i 


under far better conditions than in an open- 
hearth type of furnace where a struggle toward 
equilibrium is going forward at three regions 
at the relatively cool inlet, the glowing resistors, 
and the surface of the metal being heated. 

The shafts after heat treatment are the color 
of mill scale on all unmachined surfaces, while 
the machined surfaces are the color of cold 
drawn steel. Enough carbon is added to the un- 
machined areas so that a minimum amount of 
grinding (0.006 in. on radius) prepares a uni- 
formly hard surface of an average Rockwell C-98. 

As shown by the drawing, the furnace con- 
tains 18 tubes, 1144 in. diameter, and about 16 ft. 
4 in. long. Each tube has a pusher lever in line 
at the entrance; the levers are operated in syn- 
chronism and in proper order by cams from a 
single drive shaft. Temperature gradually 
reaches heat (1500° F.) about two-thirds through 
the furnace. Speed of pusher is adjusted so each 
shaft takes approximately 8 min. to pass throug! 
the last third of the furnace soaking at 1500 F. 

Temperatures are controlled at two points in 
the furnace, one near midlength and the othe: 
near discharge end. The preheating zone 
ceives all the products of flame combustion trom 
the 22 burners, vents being placed in the arc! 
near the front end wall. 

Reaching the end, the hot shaft slides arou 
a curved discharge chute into the top of a vert! 
water pipe, extending downward 18 ft. throu 
two stories in the building. Here it encoun: 
a rising column of water at about 65° F. and 
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at about 180° F. by the time it is discharged. 
a | Three adjacent furnace tubes discharge into 
one vertical quenching tube, and the pusher is 
arranged so that the shafts follow each other at 
equal time intervals. As each one drops out of 


the furnace, it trips a lever and this actuates an 


Z | : unloading device at the bottom of the tube, so 

a | that as the hot shaft enters, the quenched one is 

NN discharged without losing any water from the 

aan wy T circulating system. This device consists of a 

an aes { ® | metal block as high as the longest shaft, and 
bored with two holes. As shown in the sketch, 
oft oat one hole registers under the vertical pipe above, 

! ! | and the other hole registers over one of two holes 

7-5 t in the smooth bottom plate of the water-tight 
i he th Si 8th floor ~——casing. Thus a cold shaft drops into the hole in 

the brass block, and when the next shaft trips the 

ot. actuating mechanism the block moves quickly 


sideways until the other hole registers under the 


at —_—o quenching pipe to receive the downcoming shaft, 
er Pipes and the quenched shaft drops out the corre- 
PP ld sponding hole in the bottom of the casing. When 
a the next shaft comes along, the motion of the 
; block reverses, so the cold shafts drop out alter- 
nately through holes at right and left. 
Fresh Water Water Overflow The shafts retain enough heat to dry them, 
Supply from Above 
¢ and they are then placed singly on hangers on 
nm! an endless chain conveyor and carried through 
a salt bath for a stress-relieving draw at 400° F, 
| ._ Water Reservoir ~~ rhis tempering operation it needed only as in- 
i! surance against slight variations in this auto- 
matic heat treating unit. If the steel, the atmos- 
mill phere, the time-temperature relations on heating, 
| 
iain 2th Floor ‘he quenching rate were all exactly reproduced, 

, oe shaft after shaft, conditions could be adjusted 

i is so that the quenched article would be just right. 
| | But any slight variation in the above major fac- 
| 

|| tors will cause the product to vary; therefore, 
r the low draw is installed as a precaution. 
At the present time, we have two furnaces 
S working on this plan, an electric furnace made 
> 

| & by Electric Furnace Co. with a water tank quench 
& -m for short shafts, and a gas fired furnace made by 

| His Trevel a | Surface Combustion Corp. with the long vertical 

| quenching pipes described above for shafts five 

| | diniescter - inches long and longer. The principal advantage 
} of the gas furnace is that small leakage of hydro- 


carbon gas from the tubes or end seals into the 
heating chamber causes no trouble, whereas there 


General Arrangement of Unloading Device, for Drop- 
ping Quenched Shaft Out of End of Pipe Without 
Losing Water Pressure, Is Shown at Left. Quenched 
shaft drops into hole in block, and thence through 
hole in tank bottom when block moves to one 
side to register another hole under quench pipe 
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is a tendency for the raw gas to 1600 T T T ) — 
form soot in the electric furnace —— 
resis ; 1400 Soekin On 
on the resistors. Intermediate Cone 060% 
Alloy tubes have given 18 0.40% COp, 40% CO, | || Balance Hy 6 
months’ continuous service. While or T 
their temperature is only 15507 F. | 
. 10 
as a maximum, they are under Zone of Rapid Heat + 
considerable thermal stress due to S Balance CHy, Ho | | 
the travel of cold metal through 800 }- + — 
them. Still their life bids fair to | 
equal the brick lining of the heat- Y 600 | 
Ent Zt | || 
in ber. rence one 
g cham 080% COL 
Results can perhaps best be 400} 0.60% CO,—_}+ + 
Q Balance: Cha, / | | 
appraised by figures from inspec- 
tion tests. About 15% of produc- 200 
| 
: tion is tested for hardness and | | | | 
for 2 6 8 10 14 16 
the most indicative, for i Distance from Ertrence Pest 
has been found that any serious , ‘ ‘ ees , 
Graph Showing Changes in Temperature and Analysis of Gas in a 
interruption in the steady flow of Long Tube Filled With S.A.E. 1040 Shafts. Cold mixture of 1 part 
work, any hang-up of work in air and 1 part natural gas introduced at entrance with work 
the heating or cooling, will cause 
tae load of about 11,000 Ib. at fracture; quenched 


t Relation of Hardness and Straightness 


pe, vertically from cyanide baths they carried a load 
pe Rockwell Hardness Stre/ ntness of more than 15,000 Ib.; from the new process 
(C-Scale/at tube furnace they now carry at least 20,000 Ib. 
No. 
| A complete assembly, selected occasionally 
By /ndicetor at random, is also set up in a torsion machine 
; and twisted apart and the result studied. The 
1 | 58 | 59 | 59 | 60 0.006 in. A : 
2157158 | 58 | 59 0.008in same Oldsmobile shaft, tested in this way, will 
5 | 54|150 | 5/ | 60 0.0/5 in. give the following results in torsional shear: 
4 | 52 | 5/ | 53 | 6! 0.020in. 16,560 in-lb.; 16480; 16,465; 16,520; average 
5 | 59 | 58 | 59 | 59 0.004 in. 16,500 in-lb. Another fixture is available wherein 
6 | 48 | 50 | 45 | 49 0.0350in. 
an alloy steel sleeve with internal teeth is slipped 


over the ribbed portions of the 1040 shaft, and 

twisted until the latter is stripped. 

out of line. This relationship is shown in the We feel, as a result of our work on this shaft, 

Shafts 1. 2 and that the general problem of hardening carbon 
steel parts from controlled atmospheres is meas- 


suflicient variation in hardness to pull the shaft 


table from an inspector's notes. 
. ® are good shafts, while 3, 4 and 6 are low in 
Be urably nearer solution. It is further our beliet 
that the method indicated of introducing gas-ait 
mixtures with the work and causing it to progress 
against rising temperature, will avoid many re- 
ported troubles in handling gas atmospheres 


hardness and also warped in excess of limits. 
soon as any soft shafts turn up, an investigation 
is immediately made and the cause removed. 
Occasional tests are made to destruction. 
One loads the hardened shaft centrally as a beam 
and notes the breaking load. This is then related a 
lo the shear strength of the shaft. The penetra- Method of Hardening Affects Strength 


, tion and uniform depth of hardening can also be 
ntre/ Fr re in Bending 

measured on such fractured surfaces. Relation- L000 80 
ship of cross breaking load and method of hard- oe Cyanide New Proce 

ening is clearly shown in the tabulation at right - 
of 12 shafts for Oldsmobile shock absorbers. All 11,209 /b. 15,450 /b. 21,510 16 
were loaded centrally, and rested on knife edges 

| in. apart. Phe shafts hardened in the old 11, 309 15,346 21,466 

pusher type of furnace (open-hearth) carried 


| 10 METAL 


me 
en 
| 
: 
2 a 
i 


13007 HILLVIEW AVE. 


SEE 


MORE 


50% 


(HARDWARE) 


l' TOOK place in the plant of a large 
Eastern hardware manufacturer making 
pliers for the retail trade. The pliers are 
plated and, of course, have to be cleaned 
before going into the plating tanks. 


Here is what a change in cleaning 
methods did to daily production costs: 


The Rex Degreasing Process is not new. 
For the last four years it has been pil- 
ing up performance records and total net 
savings, as above illustrated, in many 
industries. 


Write for information on what has been 
accomplished in your field. 


PRODUCTS & MANUFACTURING CO. 


BOOTH K-11. 
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OLD METHOD NEW METHOD heantantal 
3 Dip | Ne. 2D-600-SP Machine | 
Fire Hazard | Non-Inflammable 
Hazard Non-Explosive 
| we hes. $20.00 10 hrs. $5.00 | $15.00 | 
Tool | $87.50 $11.50 "$16.00 
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High Speed Oven Furnace No. 
139, over fired and bottom vented 
to eliminate chimney action and 
infiltration of atmospheric air. 


Patented raw gas burners provide 
a reducing atmosphere for work 
that requires it. 


Down Draft Pot Furnace No. 209 
with insulating refractory lining 
backed by insulation and provided 
with single valve ratio control. 
Especially designed for lead hard- 
ening, salt bath hardening, cyan- 
iding and other pot heat treating 
operations. 


Rotary Retort Heating Machine No. 136-M (Pat- 
ented) for continuous clean hardening, continuous 
clean annealing, continuous carburizing, etc., of 
The atmosphere within the retort can 
be controlled to obtain the desired results. 


small parts. 


ENGINEERING REPRESENTATIVES 


What percentage of fuel is actually utilized for the 
heating of your product? ... What are your upkeep 
expenditures’... Does your equipment produce uni- 
formly satisfactory work/... Is manual or automatic 
control easily effected with your equipment/... Is a 
proper atmosphere readily established and main- 
tained’... Are you employing the proper furnace or 
heating machine for your particular job? 


OUR EXPERIENCE OF OVER HALF A CENTURY IS AT 
YOUR COMMAND! MAY WE HAVE YOUR INQUIRY? 


*MODERN :—Heat-treating equlpenens to be modern, must not only be de- 
signed to operate on a minimum of fuel, but must also be constructed to 
withstand severe thermal and mechanical use with small upkeep expendi- 
ture to effect TRUE economy and rapid amortization of its erutnal cost. 


Vertical Retort Carburizer No. 
19 used for gas carburizing, re- 
hardening, annealing, etc., of 
parts which it may be pre- 
ferred not to agitate. 


AMERICAN GAS FURNACE Co. 


ELIZABETH, NEW JERSEY 


IN PRINCIPAL CITIES 


Tool Room Oven 
16-F with 
lining and 
Manifold 


small 


single 


F 
insulating 
valve 
pressure 
direct-connected 


urnace Ni 

refractory 
contro 
gauge and 
turbo 


blower can also be supplied. 


Rotary Carburizing Machine \ 
2-C for gas carburizing, nitrid 


ing, “Ni-Carbing,” 
ing, 


bri 


hardening and 


ght annea 


other heat 


treating processes that may re- 
quire any 
phere. 


specific 


Reciprocating Muffle Type Heating Machine 
for continuous clean hardening, annealing, 
carburizing, etc., the atmosphere in the mi 
controllable for the required process. | 
Heating Machine has a wide range of applicet 
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Instead of costly alloy steels, many manufacturers 
are using inexpensive, low-carbon steels —Chap- 
manized. They are making substantial savings— 
not only in steel costs, but in machining and 
hardening time. 


And, equally important, their products last longer. 
For Chapmanizing produces a surface hardness in 
3 hours that will outwear about nine to one the 
hardened surface made by ten hours of carburiz- 
ing—a surface equal or superior in hardness to 
that of nitrided alloy steel. 


Chapmanizing imparts a hardness of between 700 
and 1100 Brinell as required, with any desired 
depth of case from .002” to .035”. Moreover, 
with all its hardness, Chapmanized steel retains a 
tough, ductile core, and the surface will not chip, 
flake or crack. 


Yet — Chapmanizing actually costs less than 
other case-hardening methods. You can Chap- 
manize your parts by putting a Chapmanizing 
unit in your plant on a contract basis — requiring 
not one cent of investment or the purchase of any 
auxiliary equipment. Or you can ship your parts 
to Indian Orchard and we will Chapmanize them 
and ship them back within 24 hours. 


If you are interested in lowering costs and giving 
added wear to your products, you'll want to see 
the Chapmanizing exhibit at the National Metal 
Show —or send for our new book on Chapman- 
izing. Use the coupon below. Mail today. 


AT THE NATIONAL METAL 
SHOW well he looking jor 
you at ROooTH 


VALVE 


MANUFACTURING COMPANY 


INDIAN ORCHARD 


exactly what Chapmanizing is— what it 
‘( compares with ether case-hardening 
_ results — how you can use Chapmaniszing 
_ longer-wearing parts at less cost. Mail 


MASSACHUSETTS 


THE CHAPMAN VALVE MFG. CO. 
Indian Orchard, Mess. 


Gentlemen: Plesse send me « copy of you new book os 
Chapmenizing. 
Mr. 
Compeny 
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In less than two YEAYS ++ HOLDEN 
A WORTHY COMPANION 


Holden Light Case was brought on the market eighteen months ago 
as a companion product to a liquid carburizer that had already 
achieved astonishing success in the metal industry—Holden Hard 


Case. 


In this brief period Light Case proved itself an efficient, economical 
production bath for hardening metal up to a depth of .010”, just 
as Hard Case is known to heat treating men for its rapid penetration 


to a depth of .032”. 


These two liquid carburizers, together with the other Holden Heat 
Treating Bath Products, have very definite advantages for each heat 
treating problem—together they cover the entire range of heat treat- 


ing from tempering to high speed steel heat treatment. 


The special advantages of each of these baths is due to the fact that 
the A. F. Holden Company devotes its entire efforts to the develop- 
ment of bath products that can improve operating conditions—and 


lower costs. 


The general acceptance of Holden Bath Products by the metal in- 


dustry proves their merit. 


A. F. HOLDEN CO. New aaven. conn. 


Representatives: 


NEW YORK, PHILADELPHIA, PITTSBURGH, CLEVELAND, DETROIT, 
ST. LOUIS, CHICAGO, LOS ANGELES and SAN FRANCISCO 


Stock Points: 
NEW HAVEN, DETROIT. CHICAGO, LOS ANGELES 
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An excellent material to use in 
the place of the usual Sodium 
Cyanide baths, for producing a 
light case (maximum depth .010" ) 
on small parts, or for reheating 
on pack carburized work, where 
the surface may have been de- 
carburized in cooling . . . .The 
hase salt in this material holds 
the gases in suspension in the 
bath, so that objectionable fumes 
will not be noticeable to the op- 
erator. This product will pro- 
duce a deeper case at the higher 
temperatures than will be given 
with the regular sodium salt com- 
positions, due to a more active 
agent in the bath... . On ac- 
count of the lower reaction from 
the water quench in comparison 
with conventional baths, Light 
Case produces work free from 
soft spots, frequently found and 
often caused by steam pockets 
formed on immersion .... From a 
cost keeping standpoint Light 
Case is cheaper because less vola- 
tile matter escapes from the sur- 
face of the bath. And because a 
more expensive material is not re- 
quired to keep the bath up to 
normal strength. 


This material is recommended 
as the most rapid method of pro- 
ducing a case on low carbon steels 
up to .032". Pieces treated in 
Hard Case have harder wearing 
surface, plus no embrittlement of 
the core. They will stand greater 
impact without breaking 

Hard Case is adaptable to all 
low carbon steels requiring a case. 
The use of various alloys does not 
in many instances retard the case 
depth over regular machine steel. 
It is possible to treat pieces to 
various case depths at the same 
time .... Hard Case acts as an 
agent to prevent rust due to a 
small generation of lime process. 
It does not absorb moisture from 
the atmosphere. A lump of Hol- 
den Hard Case exposed to the 
air disintegrates into a fine dry 
powder .... The maximum pene 
tration of Holden Hard Case in 
the shortest possible time means 


lower costs for the user. 


F. HOLDEN COMPANY. New Haven. Conn. 


Heat Treating 


Bath Products 


A. F. HOLDEN COMPANY, 


New Haven, Conn. 


Gentlemen: Please send me vour Bulletins on 
Holden Hard and Light Case. 


Vame 


4ddress 
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Sturtevant 
CENTRIFUGAL COMPRESSORS 


The above compressor furnishes air for small furnace, an oil burner 
and for blowing out waste material in punching machines, 


ADE in several types for furnaces, pneumatic con- 
veying and other purposes. @ Pressures: }2 to 5 Ibs. 


Volumes: 50 e.f. to 50,000. Q Write for complete data. 


B. F. STURTEVANT CO., Hyde Park, Boston, Mass. 
Sales Offices in Principal Cities 


fo BRIDGE 


Do you want real economy in protection against rust? 
NO-OX-ID, a real inhibitor, will give it to 


Dearborn has specialized in rust prevention for m 


you, 


iny 


years “from adding machine parts to bridges. 
Our sales engineers will help you work out effective 


and economical rust prevention in your own plant. 


DEARBORN CHEMICAL 
COMPANY 


310 Se. Michigan Ave., CHICAGO 
205 East 42nd Street, NEW YORK 
2454 Dundas Street, West, TORONTO 


The Original Rust Preventive 


WELCOME TO BOOTH — K-30 
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The J.W. KELLEY Co. 


Cleveland, Ohio 


Purveyor’s to the Metal 
Working Industries 


e 
Cutting Oils Annealing & Lead 
Pot Carbons 
Quenching Oils 
Tempering Salts Drawing Com- 
pounds 
Carburizing Com- 
pounds Cleaners, ete. 


METAL PROGE!SS 


~ 
ay 
thei 
_ 
| 


FOUNDED WHEN LOCOMOTIVES WERE 
WOOD BURNERS 
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ODAY 
AS MODERN AS A j 


CARBURIZERS 


Houghton has been definitely aligned with the 
science of carburizing since its development of the 
frst uniform patented carburizing material. 
Hydrocarbonated Bone Black—in 1872. Its ener. 
gized type of carburizers—PEARLITE and 
QUICKLIGHT—are used by the millions of pounds 
for carburizing by pack hardening, with econom, 
speed and efhciency. ig 


QUENCHING OILS 


Houghton’s No. 2 SOLUBLE QUENCHING 
OIL has been the standard for 25 years for harden- 
ing steel. It has a decided advantage over all 
mineral oils in that it cools faster above the trans- 
formation range and more slowly in the lower 
ranges where stresses are set up, thus producing 
the minimum amount of warping, cracking, ete. 
It never boils away. . . . assures maximum hardness. 


CUTTING OILS 


New high-film-strength straight cutting oils and 
bases that meet modern machining requirements, 
save regrinds, impart a fine finish to the work. Also 
a complete line of soluble cutting oils that have 
stood the test of time in years of efficient service 
as cutting coolants. 


METAL CLEANERS 


A variety of types of HOUGHTO-CLE \N 
Houghton’s effective line of cleaners that have 
“lifting power,” and remove oils, grease, = 
salts, etc., from metal surfaces with speed an 
economy. Also grades for general industrial clean- 
ing of walls, floors, etc. 


ar 
ifs 


Meta 


PERLITONIZING 


An exclusive Houghton development for car- 
i] burizing in a liquid salt bath, which provides a 
ner- true eutectoid case up to .040 inch in thickness, 
ind and which is particularly adapted for small parts 
nds where speed, uniformity of depth of case and carbon 
ny, content, and economy are required. Now used by 

leading heat treaters in this country and abroad. 

LIQUID BATHS 
1G \ series of Liquid Heats and Draw Temps for 
n- annealing, tempering, drawing, normalizing and 
all hardening, meeting all requirements of the metal 
1S- industry. Also a superior line of Surface Hardening 
er Powder and Blocks, Cyanides, and every approved 
ng method of transferring heat from a hot liquid to a 
rc. cold solid. Increased production at lower cost is 
the Houghton slogan. 
RUST PREVENTIVES 

d Rust Veto—used by the U.S. and foreign gov- 
;, ernments as rust preventives during the war . 
0 used by famous aviators and polar expeditions to 
e protect planes from salt water and air. Made in a 
e variety of types for every purpose and material 


from a battleship to a needle. 


STA-PUT LUBRICANTS 


Here is Houghton’s outstanding accomplishment 
in the field of general industrial lubrication—a 
complete line of tough-film, leak-resistant lubri- 
cants possessing the greatest load-carrying capacity. 
ade in four general series ranging in service from 

ght to heavy duty machines and gears. Both oil 
consumption and oiling labor cost are cut as much with STA-PUTS OROMARY O11 
one-half in proven cases by using STA-PUTS. 
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DUSTRIES 


VIM TRED 


LEATHER BELTING 


Made from VIM Leather, live and resilient, highest in tensile 
strength, tanned from heavier hides by an exclusive process superior 
for forty years. 


Result: A belting leather with longer, tougher fibers, greater 
flexibility, and the property of great elasticity which minimizes 


shocks, permitting the belt to stretch under sudden load, then recoil 


to its original length and take up the load. 


Gripping properties have been 
materially increased by the 
Mad fro he long-hbere 
treaded surface produced by our 


and more generally used tort 


patented VIM TRED process on 


than any other leather | 


the pulley surface of the belt. inarkes. 
“Geared-to-the Pulley” VIM TRED 


VIM LEATHER PACKINGS 


i h 


Leather Belts eliminate vibration aie 
id d li Often they will last from t 
and side sway, reduce slippage to a per] cant 
minimum, and provide lower main- VIM Leather Pocking © 
is waterproof conta 


tenance and longer belting life. The more leather hber the 
I'ry it in your own inter 
aristocrat of belting! 


(SEE US AT BOOTH D-9 NATIONAL METAL SHOW) 


E. HOUGHTON & COMPANY 
CHICAGO PHILADELPHIA DETROIT 


Address Inquiries to 240 W. Somerset Street, Philadelphie, Pe. 
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STEWART FURNACES 


FOR EVERY HEAT TREATING REQUIREMENT 


from small tool room furnaces to the largest car types 


We build as 
standard furnace 
equipment: Con- 
* veyor types, 
pusher _ types, 
continuous and 
} semi - continuous, : 
in addition to 
our full line of 


Standard fur- 
naces. Write for 
our famous Stew- 
art Heat Treat- 
ing Wall chart 
complete with 
S.A.E. Steel Spe- 
cifications. 


Stewart Recircu- 
lating Furnace for 
temperatures up 
to 1200°F Abso- 
lute uniformity of 
temperature over 
a wide range, oil 
or gas fired. 


Stewart Semi-Muffle 
Furnace with flues at 
floor level assuring 
niform temperatures 
f front to back. 
Suitable for carburiz- 
ing annealing and 
Heat Treating 


zes 


‘oil 


Stewart Heat Treating Semi- 
Muffie Furnace, oil fired. In 
Operation at New England 
Metallurgical Corp. 


Stewart Car Type Furnace 
for annealing and normal- 
izing Oil fuel, over and 
under fired 


Stewart Industrial Furnaces are made and Guaranteed by 


CHICAGO FLEXIBLE SHAFT COMPANY, 5600 West Roosevelt Road, Chicago. 


45 years making outstanding Heat Treating Equipment. 
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"“OurCyclone 

furnace is 

everything 

claimed for it. 

Russell Burdsall 

& Ward Bolt & 
Nut Co. 


“Die casting dies temper- 
ed in our Cyclone furnace 
are of uniform hardness re- 
gardiess of the size of the 
furnace load or position 
in the furnace chamber." 
—The Hoover Co. 


This Cyclone operating up to 
1275° F. on high special steel. 
Tests show uniformity through- 
out chamber better than ~ 1° 
as measured with precision 
pyrometer and calibrated 
couples. 


RUGGEDNESS 
e UNIFORMITY 
@ EFFICIENCY 
@® SPEED @ ACCURACY 


These furnaces operating 24 hours per day in our own plant. 
Experience in actual production operation aids in the design of 
efficient, trouble-free equipment. 


Leadership which steps out of the beaten path to offer entirely new principles of 
furnace construction and control. 


Leadership which brings together in the same unit, laboratory accuracy, high pro- 
duction and amazing ruggedness. 


Leadership which furnace users have been quick to recognize and furnace manu- 
facturers have not hesitated to follow. 


Leadership which is backed by years of experience in the use, as well as the con- 
struction, of heat treating equipment. 


At the ee Show: Booths J-8 and I-7 


Lindberg Co. 


Division of Lindberg Steel Treating Company 
221 UNION PARK COURT CHICAGO, ILLINOIS 


18 METAL PROGRESS 


—— - - 
| 
4 
5 
4 Gg 
| 
| 
if 
j 
} 
} 4 
iy 


biic Steel Corp. 


| FURNACES AND 
REFRACTORIES 


In the Following Pages Will Be Found (In Addition to News From Manufacturers) 
....A Summary of Recent Work on Best Methods for Burning Gas 
... + Specialized Refractories Made in Electric Furnaces for Severest Duty 


...+ Notes on Proper Operation of Heating Furnaces for Best Economy 
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al the large plants where continuous and uniform 

production under technical control is the practice, 
you will find many Spencer Turbo-Compressors that 
have been in service for ten, fifteen and even twenty 
years... . . This outstanding record for serving oil 
and gas-fired equipment is a result of a combina- 
tion of design features found only in Spencer Tur- 
bos. Operating on the centrifugal principle, with 
light-weight impellers, wide clearances and only 
two bearings; and having a sturdy mechanical con- 
struction, Spencer Turbos have reduced vibration, 
noise and maintenance costs to a recognized min- 
imum. Because of these advantages, Spencer Tur- 
bos are often mounted directly on or above the 
equipment they serve, and shipped as a part of the 
original order... .. In addition to the standard 
multi-stage line, running up to 300 HP., and 
down to 3 HP. “Midget’’ Turbos, low cost single- 
stage units up to 20 HP., are now available. Spe- 
cial turbos for gas-tight and corrosion resistant oper- 
ation can be furnished in all sizes. 


Ask your furnace or oven manufac- 
turer, or write us for the bulletin. ... 


SEE THE SPENCER EXHIBIT 


— H-11 


SPENCER TURBO-COMPRESSORS 
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LTHOUGH KNOWLEDGE OF THE 
fundamentals of combustion of most elementary 
and simple gases has been well established, the 
application of these known data to existing prob- 
lems of complex gas mixtures has been extremely 
difficult and in some cases impossible. With the 
increasing use of gas and the ever growing re- 
quirements for higher efliciencies and greater 
economies, it is essential to utilize all the avail- 
able knowledge on the manner of gas combustion, 
To meet these demands for increased data, so that 
better gas furnaces can be constructed and oper- 
ated at better efficiency, the Committee on Indus- 
trial Gas Research of the American Gas Asso- 
ciation has been sponsoring, for the past five 
years, a series of investigations at the Associa- 
tion’s testing laboratory to determine many of 
the yet unknown factors. 

During this time much information has been 
secured and published in the form of several 
bulletins. Some of the most salient points of 
these studies will be given in this article, and 
in order to appreciate fully the significance of 
these new data it will be well to review briefly 
some of the previously known facts. 

The combustible constituents of our city 
gases are usually hydrogen, carbon monoxide, 
methane, ethane, ethylene, benzene, butane, and 
propane. Accompanying these combustibles are 
small quantities of carbon dioxide, nitrogen, oxy- 
gen, and water vapor. Seldom do all of these 
constituents exist in any one city gas; a combina- 
‘ion of some of them appears in every city gas, 
vhether it is natural gas, manufac- 


SOME NEW DATA ON 


THE FUNDAMENTALS 


OF GAS COMBUSTION 


tured gas, or mixtures of these. Therefore, to 
understand fully what goes on when gas burns, 
it is quite natural to look to the burning of these 
constituent gases for an explanation. While 
this preliminary procedure lends some assist- 
ance, the final answer was obtained only after 
the performance of considerable research work. 

Although the quantity and composition of 
the flue products resulting from the complete 
combustion of a known quantity of air and gas 
can be ascertained from the chemical reactions 
of the individual constituents, the manner in 
which these reactions occur is not so well estab- 
lished. For example, we know that the products 
of complete combustion are carbon dioxide and 
water vapor, but we cannot say by just what steps 
these were formed from the constituent gases. 
Furthermore, we are not able to state exactly the 
procedure of the action at the present time, al- 
though we have considerable evidence to sup- 
port various theories. 

The old idea that a hydrocarbon gas, as 
encountered in city gases, breaks down on igni- 
tion into carbon and hydrogen and burns as such, 
has been replaced with a fairly well established 
hydroxylation theory. (For a complete discussion 
of this theory see “Flame and Combustion in In- 
dustrial Gases” by Bone and Townsend, pub- 
lished by Longmans, Green and Co.) This theory 
states that the hydrocarbon gas is progressively 
oxidized through several stages to carbon dioxide 
and water vapor assuming that the combus- 
tion process is not interfered with and that suf- 
ficient oxygen is present to permit the action to 
go on to completion. It is interesting to note 
that if this action is stopped before 


By E. O. Mattocks 


dustrial Engineer, American Gas 
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it is completed, aldehydes are formed of which 
the familiar formaldehyde is very prominent. 


This will account, generally, for the peculiar odor 


noticed in the products of incomplete combus- 
tion. Likewise, it is a general truth that when- 
ever you have an aldehyde present, carbon mon- 
oxide will also be present as a product of the 
incompleted oxidation process. 

Although a great deal more could be said 
about some of the new basic theories governing 
the burning of these elementary gases, applica- 
tion of these data to practical problems of design 
is still very difficult. Therefore, one of the first 
problems investigated at our testing laboratory 
was the determination of what occurs when a 
city gas is burned in high temperature industrial 
installations, and what design limitations should 
be adhered to if economical and efficient opera- 
tion is to be obtained. 


Types of Flames 


The design and application of the atmos- 
pheric burner which employs the Bunsen prin- 
ciple is fairly well known; however, the various 
“zones” are present only when part of the air 
required for complete combustion (called “pri- 
mary air’) is introduced into the gas stream prior 
to combustion. If none of the air, or all of the air 
required for combustion is mixed with the gas 
before burning, entirely different conditions 
will exist. 

These three distinct conditions of burning 
are schematically shown in the photo opposite. 
The most familiar one, the Bunsen flame, is 
shown in the center. The unburned air and 
gas exist in zone (5). Actual burning of the pri- 
mary air and gas occurs on the thin surface (6) 


of the inner partly luminous cone. Since , 
portion of the air required for complete eo; 
lion is supplied as primary air, the unbur oq 
constituents are then burned in zone (7) as 

gen is obtained from the surroundings }y |. 
tration. The products of complete combust joy 
are sometimes faintly visible in a zone outside 
of the reaction area, 

If, on the other hand, none of the required 
air is mixed with the gas prior to its passage 
through the burner, the familiar luminous «) 
yellow flame is obtained as photographed at A. 
In this case, zone (1) is composed only of gas. 
Oxygen is obtained from the surrounding ai: 
which filters into the flame and combustion 
starts on the surface (2) of the inner cone. At 
the base of the flame sufficient oxygen is gener- 
ally present to completely burn the gas in a thin 
sheath (zone 4, below). However, as only a small 
amount of air is available in the upper portion 
of the flame, partial combustion results, and the 
remaining hydrocarbons are decomposed pro- 
ducing a luminous region represented by zone 
(3). As additional air is obtained the unburned 
constituents are then completely burned in the 
outer zone (4). 

The combustion principle employed for a 
large number of industrial purposes differs still 
further from these two cases just cited. In such 
cases all the air required to obtain complete com- 
bustion is mixed with the gas prior to ignition. A 
flame depicting this condition is shown at the 
right. Here the mixture of gas and all the re- 
quired air is shown as zone (8). From genera! 
appearances it is rather difficult to tell the differ- 
ence between flames with partial air and com- 
plete premixed air. The major difference lies on 
the surface of the inner cone. In this latter cass 


Battery of Equipment for Studying Fundamentals of Gas Combustion 
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ih. combustion of the gas is completed on the 
.ce of the inner cone or zone (9). Instead of 
heving a reaction zone around this cone, as in 
‘ho Bunsen flame, a mantle (zone 10) of incan- 
iescent products of combustion exists. After 
these gases have cooled sufficiently so that they 


10) the temperature is reduced so that the disso- 
ciated action reverses to a certain extent; some 
of the carbon monoxide recombines with oxygen 
to form carbon dioxide, and hydrogen recom- 
bines with oxygen to form water vapor. The 
luminosity of the gases in this zone may be par- 


Three Varieties 


of Gas Flames 


A. All gas B. Gas plus part of air C. Gas plus all of air 


1. Unburned gas 


2. Initial combustion 


required required 
5. Unburned mixture 8 Unburned mixture 
of air and gas 


of air and gas 


artaee 6. Primary air and gas 9. Zone of complete 
3. Luminous zone _of combustion zone combustion 

partial combustion 7. Zone where com- 10. Glowing products 
4. Sheath where com- bustion is com- of combustion 

bustion finishes pleted hot flue gases 


are no longer visible, they have passed outside 
zone (10). 


Dissociation and its Suppression 


In order to describe fully the combustion of 
industrial gas, mention will have to be made of 
two other rather complex actions, that of the dis- 
sociation of carbon dioxide into carbon monoxide 
and oxygen, and the dissociation of water vapor 
into hydrogen and oxygen. If the temperature of 
the gas is sufliciently high, these actions will oc- 
cur since both carbon dioxide and water vapor 
are present after combustion. It is doubtful if 
the flame temperature obtained by either the 
yellow or the Bunsen flame is high enough to 
cause dissociation, but it is in the case of the 
third flame. This action probably happens on or 
very near the surface of the inner cone where 
the temperature is the highest. As these disso- 
‘iated products pass into the cooler region (zone 
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tially caused by this burning of carbon monoxide 
and hydrogen. 

In a large number of industrial installations, 
it is not desirable to have any gases of a reducing 
nature present. If the dissociation of carbon di- 
oxide and water vapor is allowed to occur at the 
flame temperature, some of the resulting carbon 
monoxide and hydrogen as well as free oxygen 
will exist in the flue gases even at low tempera- 
tures. In other words, the reversal of the dissoci- 
ation action approaches completion but never 
actually reaches it. Therefore, if the undesirable 
effects of these products of dissociation are to be 
avoided, it will be necessary to repress dissocia- 
tion. This can actually be done by several 
methods. 

If a sufficient quantity of air in excess of that 
required to burn the gas completely is mixed with 
the gas prior to combustion, the dissociation 
action can be completely repressed and no prod- 
ucts of dissociation will be formed in the flue 
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products. The upper graph shows 
the quantity of excess air, expressed 
in per cent of excess oxygen as de- 
termined in a flue gas analysis, re- 
quired at any given flue gas temper- 
ature to repress the quantity of car- 
bon monoxide and hydrogen formed 
to 0.05'.. This residue value was 
selected as representing a negligible 
amount and is about the minimum 
amount that could be determined 
accurately. The relationship between 
excess oxygen and excess air in the 
flue products for both natural and 
coke oven gas is shown in the sec- 
ond diagram on page 25. 

In installations such as_ pot 
furnaces, the flue products dis- 
charge directly from the flame onto or alongside 
a metallic surface. The gas temperature at this 
point is considerably higher than later when it 
is discharged out the flue. Therefore, if all the 
‘arbon monoxide, hydrogen and active nascent 
oxygen, formed as a result of dissociation, are to 
be eliminated so as to prolong the life of the pot, 
it will be necessary to admit excess oxygen (air) 
corresponding to this high temperature as de- 
termined from the first curve. Likewise, in the 
‘ase of overfiring, where some of the flue prod- 
ucts may be circulated around the work before 
the gases have cooled to the furnace temperature, 
the amount of excess oxygen necessary to elimi- 
nate all the reducing products should be gov- 
erned by the temperature of the gases at the out- 
let of these top burners, instead of at the furnace 
temperature. 

The quantity of products formed from dis- 
sociation may also be reduced by preheating the 
air for combustion and by operating the furnace 
under pressure. However, no quantitative rela- 
tionship for these two factors is available at the 
present time. 

Limits on the quantity of gas that can be 
completely burned can be established from what 
has just been said about the manner in which gas 
burns. For example, if all the air required for 
combustion is mixed with the gas, there appears 
to be no need for a combustion space larger than 
that which is necessary to house the flame. If 
enough excess air is admitted to the mixture to 
repress the dissociation of carbon dioxide and 
water vapor, the combustion chamber would 
have to encase only the inner cone. Of course, 
this enclosure should not touch the flame so as 
to interfere with the combustion action. During 
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Photo by J. P. Mudd for The Midvale Co. 


our experimental work, gas was completely 
burned at the rate of 9,000,000 B.t.u. per hr. per 
cu.ft. of combustion space with no indication that 
greater quantities could not be completely 
burned. This is far in excess of that encountered 
in any of the industrial furnaces in use today. 

Quite naturally, the question arose as to the 
effect of the temperature of the combustion 
chamber wall on the quantity of gas that can be 
completely burned, especially when consuming 
such large quantities of gas per cubic foot of com- 
bustion space. To obtain as low a wall temper- 
ature as possible, a combustion chamber was 
constructed with water-walls. Unlike a_ boiler 
combustion chamber which this test furnace 
simulated, the outlet temperature of the water 
from this test furnace was not allowed to rise 
more than about 10° F. above room temperature. 
This wall temperature had no effect on the 
amount of gas that could be completely burned, 
a finding in direct accord with the theory of gas 
combustion as previously outlined. In_ other 
words, as long as the combustion chamber walls 
do not contact the inner cone of the flame and 
thus interfere with the combustion reaction, the 
wall temperature could have no direct effect on 
the amount of gas that could be burned when 
premixing all the air and gas. 

In addition to the saving resulting from th« 
utilization of preheated air (such as the recover) 
of waste heat to preheat the air), larger quan't- 
ties of gas can be burned per unit of combustion 
space than when burning room’ temperatul 
air and gas. This offers a method of increasi'¢ 
the capacity of a given combustion cham! 
without altering its general construction. |! 
premixing system is employed it should be 
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hered, however, that air temperatures in 


mit 
exc ss of 1000° F. may cause pre-ignition of the 
air-vas mixture at the point of mixing. Likewise, 


the use of preheated air increases the ignition 
itv (rate of burning) of the mixture and if 


vei 

relative high degrees of preheat are utilized, it 
may be necessary to reduce the size of the burner 
ports to eliminate flash-backs, liable to occur at 


low turn-down rates. 
New Features of Furnace Design 


Having briefly discussed some of the funda- 
mental findings of how gas burns, these data will 
now be applied to some actual problems met in 


everyday furnace practice. 
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{mount of Excess Oxygen Necessary in 
Flue Gas in Order That There May Be No 
Dissociation of Products of Combustion. 
Premixed air and gas ts much more efjici- 


nily burned at the lower temperatures gas. If, 


the flue 


should have a correction of plus 1.6% 


Flue Gas. 


these high temperatures are not desirable for the 
work in hand and it is necessary to cool the re- 
sultant gases before they are discharged into the 
work chamber. This can be done in one of sev- 
eral ways. In direct firing heat is generally im- 
parted to the walls of the so-called combustion 
chamber and a large portion of this is transferred 
through the walls to the outside of the furnace, 
thus wasting a large amount of it. Several other 
means were determined for reducing the tem- 
perature with a corresponding saving in the 
amount of gas burned. Essentially, they consist 
of changing the original excess heat at the high 
temperature to radiant energy and then utilizing 
that energy to heat the work, in addition to em- 
ployving the usual convected methods. 

A direct fired furnace should be constructed 
so that the combustion chamber is directly adja- 
cent to the work chamber, that is, the work cham- 
ber wall should serve as part of the combustion 
chamber wall. In this manner, instead of dis- 
sipating the heat absorbed in the combustion 
chamber walls to the outside atmosphere, it can 
be radiated to the work. (Likewise, the burners 
should be selected so as to convert the maximum 
amount of the liberated heat into radiant energy.) 
By constructing the combustion chamber, for 
example, in a vertical position, one wall of which 
would be next to the heating chamber and the 
wall adjacent to the outside fully insulated, this 


Curves for Determining Excess Air From the Oxygen Analysis of the 
The main curve ts correct for 1100 to 1180-B.t.u. natural 
for instance, 540-B.t.u. coke oven gas is burned and 
gases contain 10° oxygen, the indicated excess air 
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It is customary to design indus- 
trial furnaces with relatively large 12.0 }— 
combustion chambers. Although this 
space doubtless has definite value, it 
cannot be rightfully called a combus- & 72:0 
tion chamber, but rather should be i) 
lermed a “heat exchanger. rhe & 
: 
amount of space actually required to - 
burn the gas completely is usually a & 
very small percentage of that pro- 2 sot 
vided. In view of this fact, the design X 
of a furnace should consist of a com- ey 
justion chamber (and, if necessary, 
“heat exchanger”) and the work ® 
S 
chamber, together with means of han- x 
20 
‘ing fuel, flue gas and work. 
Fortunately, very high flame 
imperatures can be obtained with O 
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chamber could be made sufliciently long to per- 
mit the temperature of the flue gases to be low- 
ered to the desired level before entering the work 
chamber. Then the work would be heated by 
radiant heat as well as convection. Exit flue 
openings could be placed in or on a level with 
the hearth, and the gases made to pass under it. 

Selection of burners generally involves the 
type and number to be employed. Standard 
burners are usually chosen and no more installed 
than needed to obtain good heat distribution. 
Greater consideration should be given this ques- 
tion, for burners have a great deal of influence on 
the furnace performance. However, the most 
important requirements of a burner must be 
sought, since it is almost impossible to obtain a 
perfect one. To illustrate this, several important 
design details will be considered. 

In order to obtain the best heat distribution, 
the maximum transfer of heat from the flame to 
the combustion chamber wall, and the maximum 
input per unit of combustion space, the maximum 
number of burners possible should be emploved 

just contrary to usual practice. Offsetting 
these desirable factors is the increased cost as 
well as the increased noise occasioned by using 
a large number of small burners. The noise can 
be appreciably reduced by employing stream- 
lined burners. However, a turbulent flame af- 
fords greater heat) transmission and permits 
complete combustion of larger quantities of gas 
per cubic foot of combustion space. 

More and more is exact control of the atmos- 
phere surrounding the work being demanded. In 
direct fired furnaces employing completely pre- 
mixed air and gas in which the burners are 
lightly sealed in the furnace wall, the complete 
absence of any carbon monoxide and hydrogen 
can be insured by proportioning the amount of 
excess air necessary to secure this condition as 
noted in the curves herewith. On the other hand, 
it is possible to obtain a reducing condition of 
almost any degree in the furnace by decreasing 
the quality of air to the burners. 

Industrial furnaces are operated for the pur- 
pose of supplying heat to some type of material. 
This heat may be supplied in any one of a num- 
ber of ways, each of which will possess certain 
advantages. These various methods generally 
require specific burners and furnace design. All 
of the previous discussion has pertained to burn- 
ers which required the mixing of all the air for 
combustion with the gas prior to its admission to 
the burner. This particular type is typical of the 
majority of industrial installations. 
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There is, however, another type of }, 
and combustion that is meeting increasing | 
due to its particular characteristics. In this 
the air and gas are separately conducted | 
combustion chamber and then discharged. 
mixing of these two is performed after they |. 
the burners. Inasmuch as there are so » 
variations in design of this particular burner. 
attempt will be made to give specific design ¢ 
Some very decided trends, however, have |) 
established from tests on one particular type ot 
nozzle-mixing burner, and the results secured 
should be considered when employing this tyy 
of burner in industrial installations. 

The reader may refer to the description of 
the method of combustion of a diffusion flamy 
(one in which none of the air required for com 
bustion is premixed with the gas) as given in 
the first part of this paper. It applies to this typ: 
of nozzle-mixing burners. Instead of securing 
the air required for combustion from the su 
rounding atmosphere, however, it is supplied 
through separate ports in the burner. Since thy 
air has to diffuse into the gas stream as it travels 
along, the combustion action will be slower than 
premixed air and gas. Likewise, the flame will 
necessarily be longer. Its length will be a fun 
tion of the number and placement of the air and 
gas ports as well as the velocity of the air and 
gas streams. Considerably less gas can generally 
be burned per cubic foot of combustion spac 
than with the premixed burner. 

As seen from the dotted curves in the first 
figure, more excess air is required with this typ: 
of burner to obtain complete combustion (that ts, 
to repress dissociation) than with one that pre 
mixes the gas and air. Because of its flexibility 
and its ability to control the length of flame, th 
nozzle-mixing burner is employed in furnaces 
where long luminous flames are desired. Thi 
relative merits of this type of heating, as com 
pared to that discussed for burners employing 
totally premixed air and gas, are still debatable. 

In general it may be said that far greate! 
quantities of gas can be completely burned pe! 
cubic foot of combustion space than is now thy 
general practice. Through proper furnace desig! 
and proper precautions in the selection of burn: 


equipment, considerably more heat can be o! 


tained from the burned gas by converting 1! 
more useful forms. In this manner not on! 
smaller furnaces can be constructed, thus 
ducing the initial cost, as well as the amoun! 
heat lost to the atmosphere, but also the resulta 
furnace will be a more efticient heat exchange! 
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SPECIALIZED 
ELECTRIC 
FURNACE 


REFRACTORIES 


N THE LAST TWO DECADES MANY IM- 
provements have been made in the methods of 
heat treating metal. It has been said that in that 
lime heat treating has become a science rather 
than an art. Accurate pyrometers and automatic 
temperature controls have replaced the eve of 
the operator for controlling temperatures. Con- 
vevor hearths fix the time element. Atmospheres 
are often rigidly controlled. Definite, rigid speci- 
fications covering every step of the heat treat- 
ing operation have replaced the more or less 
secret individual formulas of the old-time heat 
treater, 

But in no phase of this work has there been 
a more noticeable improvement than in the fur- 
nace, the heart of the process. It is a far ery 
from the open forge for hardening 
tools, used everywhere not so many 


Years ago, to the controlled atmos- 
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By JA. King 
The ( ‘art Or indun ( ‘0 
phere electric or fuel fired furnace of Perth Amboy, N. J 


Recuperator for Waste Heat at Billet Heating Furnace 


today. Instead of being a pile of brick unsuc- 
cessfully attempting to hold in the heat, the mod- 
ern insulated furnace is a fine precision instru- 
ment designed for the proper application and 
control of heat. 

Underlying this refinement of furnaces has 
naturally been a correlated development in re- 
fractories. Gone are the days when a “hard 
burned” or a “soft burned” firebrick was the 
answer to any furnace problem. Today differ- 
ent refractories can be definitely selected for the 
various sections of the furnace where they will 
be the most economical, An excellent article in 
last October's Metat ProGress described recent 
developments in so-called insulating refractories 

porous brick of pure high alumina clay which 
not only resist the passage of heat but 
which can be used in a much higher 
temperature range than could the in- 
brick available. 


sulating formerly 
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The present article will supplement the one last 
year by giving a brief view of specialized electric 
furnace refractories — that is, refractories made 
from electric furnace products. As their unusual 
qualities are becoming recognized, their use is 
steadily broadening. 

The special properties of the various types 
will be mentioned in detail below. Generally 
they are used in applications where temperatures 
are too severe for ordi- 


4000° F.), it was recognized immediately {| 
possessed unique refractory properties, \ 
years of development work by The Carboru; 
Co. were necessary, however, before the pr 
type of silicon carbide refractory for heat |) 
ing and other high temperature furnace work \ 4. 
perfected. This grade of refractory contains ». 
foreign bonding agent. Consequently ther 
no lower melting or inferior materials to weaker 


nary refractories, such Representative Properties of Commercial Refractories 
as fireclay, silica, mag- 

Relative Loss Cross Breaking 
nesite, or chrome brick, by Spelling Inches Strength 
or where some other at- Refractory Abraded 

9 
mosphere or slagging ay ot 2450F. | 2450% Btu “ts 
condition is present that aod 
makes their use more Silicon carbide 100 nil 0.0/ 2/035 psi.\ 9O00psi. 108.2 
- ical. Electric fused alumina high high 235.2 
| Grade A fireclay| 40 O11 90 

urnace refractories are Grade B fireclay 10 65 0.09 

not intended to replace Bauxite 10 43 0.04 1315 99 

ordinary ones in all No./ silica d 100 high 608 /45 12.2 

parts of a furnace — Chrome 7 100 0.27 1592 22 

rather they are designed Magnesia J 100 12.5 1388 136 25.8 
Insulating brick 26 

to give better service 


in certain portions. 

There are three classes of such products, 
arranged in order of their present importance: 
I, Silicon carbide refractories, SiC; IH, aluminum 
oxide refractories, Al,O,; Ill, fused aluminum 
silicate refractories, 3 Al,O,°2 SiO,,. 

These are produced in the form of standard 
bricks, tile, tubes, and special shapes. They are 
also essential constituents of the highest grades 
of refractory cements for laying and patching 
brick and for monolithic rammed linings. 


Silicon Carbide Refractories 


Silicon carbide is a manufactured product. 
A mixture of very pure silica sand, petroleum 
coke, sawdust and salt is packed around a graph- 
ite core in a trough-like electric furnace and 
raised to a temperature of about 4000° F. by 
means of a heavy electric current, passing be- 
tween carbon electrodes at either end through the 
graphite core. At this temperature crystals of 
silicon carbide are formed. The sand provides 
the silicon, the coke the carbon, and the salt is 
added to take out any impurities (such as iron, 
which is distilled off as ferric chloride). The 
sawdust burns and makes the whole mass por- 
ous, permitting the escape of the voluminous 
gases produced by the reactions. 

When it was determined that silicon carbide 
was stable up to its dissociation point (above 


the structure at elevated temperatures. Several 
grades and types have been perfected, each suit- 
able to specific applications. 

In the manufacture of refractories the sili- 
con carbide crystals are crushed to the desired 
size. The grain is bonded with a suitable tem- 
porary bond and pressed into shape. After 
thorough drying the shapes are fired to a tem- 
perature of 2675° F., at which temperature the 
permanent bond is developed. 

As noted in the attached table, this refractory 
has a thermal conductivity about 12 times that 
of grade A fireclay brick. It is approximately 
eight times as strong as fireclay brick at 2450 
F. and has about one-tenth the abrasion loss. 
Freedom from spalling is a remarkable inherent 
characteristic. It is because of this combination 
of properties that silicon carbide refractories give 
such long life and efficient, economical service 
in the proper sections of industrial furnaces. 

Some examples of its use in typical heat 
treating furnaces might be of interest. 

In a plant heat treating drive shafts and 
axles in box type furnaces with inside dimen- 
sions of 36x72 in., “Carbofrax” hearth and sup 
ports replaced fireclay. Because of its muc!) 
higher strength, a 3-in. thick hearth replaced the 
5-in. clay hearth, and the new supports eliminatec 
spalling and sagging under load formerly expe! 
enced. Operation of the furnace with accura! 
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meters showed an immediate saving of ap- 


g 
proximately 30% in fuel while turning out the 
eor.e amount of work. It was further definitely 


demonstrated that the quality of work was im- 
ved, due to the fact that it was being equally 
heated top and bottom. These improvements in 
operation were, of course, directly traceable to 
the high heat conductivity of the silicon carbide 
floor and more than warranted its additional first 
cost. An additional saving was obtained, how- 
ever, in the much longer life. Where it had been 
necessary to replace fireclay floors and supports 
every six months, the special refractory gave 
three years’ uninterrupted service. 

At another place a silicon carbide floor re- 
placed a fireclay floor in a box furnace 18x36 in. 
inside dimensions, heat treating forging dies for 
the manufacture of scissors and shears. An im- 
mediate improvement in operations was noted. 
Great care had to be taken when operating with 
a fireclay floor to avoid overheating and conse- 
quent warping of the uppermost or working face 
of the die, since most of the heat was absorbed 
at the sides and top from the gases coming up 
around the edge of the floor. Comparatively lit- 
tle heat came to the bottom of the die block 
through the fireclay floor with its low heat con- 
ductivity. 

As can be seen from the photograph on this 
page, with the silicon carbide hearth sufficient 
heat was transmitted to the bottom of the die so 
that top and bottom were heated evenly. Fur- 
thermore, the fuel consumption was reduced by 
approximately 20% during operation over and 
above a saving in heating-up time. Where it had 
been necessary to light the furnaces 5 hr. before 
beginning work to get an evenly distributed 
temperature, it was possible to bring the furnace 


up to temperature with the heat evenly distrib- 
uted in 1 hr. The new hearth lasted about four 
times as long as fireclay. 


Applications of Special Refractories 


Silicon carbide refractories have been used 
successfully in hardening, carburizing and an- 
nealing furnaces, high speed steel furnaces, stain- 
less steel annealing furnaces, forging furnaces, 
roasting furnaces and zinc retorts. Aside from 
the metallurgical field, installations have been 
successful in boilers, porcelain enamel muffle 
furnaces, driers, air heaters, as kiln furniture for 
ceramic ware and in many other applications. 

One development in the field of heating in 
controlled atmosphere that merits attention is the 
so-called “Carboradiant” chamber. One such ap- 
plication shown on the second following page 
has rectangular combustion chambers made of 
silicon carbide tile just under the spring lines 
of the flat arch. These are of relatively small 
cross-section and a length and height depending 
on the quantity and grade of fuel to be burned. 
The fuel is fired into the chamber with the cor- 
rect amount of air; complete combustion is ob- 
tained because of the intimate mixing of the 
vaporized fuel and air in the restricted cross- 
section. The tiles forming the chamber quickly 
become incandescent, thus assisting in quick 
combustion of the fuel. Due to the high thermal 
conductivity of the silicon carbide a large per- 
centage of the heat generated is transmitted 
through the tile and transferred to the work by 
radiation. Gases blow out through a series of 
graduated side ports, bathe the work and escape 
through flue openings in the hearth at center line 
of furnace and pass to a recuperator. 


Underfired Die Furnace Equipped With Silicon Carbide 
Hearth Heats Dies Efficiently From All Directions 
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It is possible to control furnace atmospheres 
accurately by properly adjusting the air-fuel mix- 
ture admitted to the combustion chamber. Here 
it is completely burned and the gases then bathe 
the work to be heated. This avoids the stratifica- 
tion of gases which usually occurs in a direct- 
fired furnace with the result that the latter type 
always contains considerably more oxygen than 
can be accounted for by the amount of excess air 
admitted with the fuel. 

This type of construction has been used in 
wire bakers, billet heating furnaces, carburizing 


malleable iron air furnaces, open-heart}, 
naces, muffle enameling furnaces, forging 
naces, revolving pot glass furnaces and |) 
kilns. In this recuperator silicon carbide j. 
ployed in tube form. The waste gases ary 


ducted around the outside of the tubes and the «i, 
to be heated passes through the inside. Pipecia, 
rods or “core busters” are placed inside the (ules. 


thus forcing the air to contact the tube walls. 
breaking up any cold stream in the center and 
eliminating a dead air film on the inside wal) 
surface. 


Billet Heating Is Efficiently Done in Oil Fired Furnace, Flame Burning in Radiant 
Chambers at Each End, Flue Gases Passing Through Recuperators Before Reaching 
Stack. For close-up of recuperators and burners see view at head of article 


furnaces and in many other types of metal- 
lurgical furnaces because the close control of 
furnace atmosphere reduces the amount of scal- 
ing, and the better heat distribution results in 
high quality work. 

Another wide use in this category is for 
heat transfer clements in recuperators. Because 
of its high thermal conductivity a recuperator 
constructed with silicon carbide elements is 
much more eflicient per unit of heating surface 
than is a fireclay recuperator. In addition, due 
to its refractoriness it will withstand excessive 
temperatures without softening or deforming. It 
will furthermore give very satisfactory service 
under corrosive gas and high temperature condi- 
tions which have a detrimental effect on metallic 
tubes or clements. 

One type of recuperator is illustrated, which 
is being successfully operated on alloy billet 
heating furnaces, continuous reheating furnaces, 
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These tubes are accessible for cleaning and 
replacement. They can be removed from the 
unit and new tubes installed without dismantling 
the fireclay terminal walls. The outside of the 
tubes can be cleaned of dust or slag accumula- 
tion through appropriate clean-out doors. 


Refractories of Fused Alumina 


The second general type of specialized re- 
fractories is that made of fused alumina. This 
product is made of highly purified fused alumina 
and should not be confused with “high alumina” 
or diaspore brick. Fused alumina is made from 
bauxite (an aluminum ore in which the alum 
num is largely present as hydrated oxides) ; some 
grades are chemically purified as is done prior 
to the manufacture of the metal aluminum, and 
then fused in an electric are furnace. It is thus 
quite different from kiln-burned high alumina 


METAL PROGRESS 


i | | 
- 
he 
: 
x 
« 
fe 
Wh 
: 
an 
gh 
= 
Rage: 


. brick. Which is made from a hydrated alumina 
ore entangled with more or less clay, and after 
calcining and firing contains about 70%. ALO... 
In the manufacture of refractories from 
electric furnace alumina, the molten oxide is 
eooled, erushed, mixed with ceramic bonds, 
molded into shape, and fired in a kiln at elevated 
temperatures, 
the fused alumina refractory has special- 
ized uses Which complement those of silicon car- 
hide refractories. It has a very high dielectric 
strength and is, therefore, widely used in electric 
furnaces. It has a thermal conductivity about 
three times that of fireclay brick and may be used 
in furnace construction in the shape of muffles 
and retorts, 
Silicon carbide is the base of many high tem- 


perature cements. These cements are used for 
laving up silicon carbide brick and shapes to 
insure a bond comparable with the refractory 
used. It is also used as a protective coating over 
brickwork of other sorts, including the new high 
temperature insulating brick. 
Much of this type of cement is used for 
rammed linings in brass melting furnaces fired 
with either coal, coke, or oil. In a coal or coke 
lired furnace, relining is necessary not because 
the fireclay brick actually burns or melts out, 
but because clinkers attach themselves to the 
brickwork and fuse, and when these clinkers are 
broken out they carry away some brick with 
them. Soon the diameter of the combustion 
chamber becomes too large for its proper duty. 
A lining of silicon carbide cement lasts much 


Interior of Hot Billet Furnace, Looking Toward Radiant 
Chamber at One End. Hot gases from oil flame discharge 
through graduated side ports into work chamber and are 
drawn off through vents in hearth at center of furnace 
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longer than clay refractories because the coal or 


coke does not fuse to the lining. It is also ca- 
pable of withstanding an impinging oil flame, 
which fuses a fireclay brick lining, particularly 
when driving the furnace hard enough to melt 
monel or high nickel alloys. 

Some trouble was experienced with rammed 
linings of silicon carbide cement in the rocking 
tvpe of electric furnaces when melting copper 
allovs with more than 3°. of lead. A lead silicide 
was formed, supposedly by reaction with the 
lining, but it is questionable whether the molding 
sand clinging to remelted gates and sprues would 
not give the same result. However, this possible 
source of trouble has been overcome with fused 
alumina cements, and these are being used satis- 
factorily in this service, not only for new linings 
but also for patching and washing preburned 
linings in the smaller units. This same type of 
cement is a favorite for making rammed burner 
tunnels in gas fired furnaces. 

Fused mullite linings are proving quite satis- 
factory for rocking electric furnaces of the “De- 
troit™ type when melting ferrous metals, although 
there are instances where a silicon carbide ce- 
ment, such as is used for rammed linings in non- 
ferrous melting furnaces, has also proven quite 
satisfactory. 

Brief mention should again be made of the 
high temperature insulating brick now available. 
This deserves careful consideration by furnace 
users, because it is possible through its use to 
increase the furnace efliciency greatly. Until re- 
cently most of the insulating bricks were made 
of diatomaceous earth; structurally they are 
weak and they cannot stand flame impingement 
or high temperature. The modern high temper- 
ature insulating brick is quite another type as it 
is made from kaolin, or some other equally re- 
fractory material and would class as a high 
quality firebrick were it not for its high porosity. 
It has fairly high crushing strength and little or 
no shrinkage at high temperatures. 

If the fire face of such brick is coated with 
silicon carbide cement, it will withstand flame 
impingement very satisfactorily. These bricks 
are being used in furnace construction today in 
many cases to replace firebrick and thus greatly 
cut down the heat losses and increase the efli- 
ciency. It is curious to note that whereas silicon 
carbide refractories offer one extreme in con- 
ductivity and these insulating refractories the 
extreme in the other direction, when used in com- 
bination in the right places they greatly assist in 


adding efficiency to all types of furnaces, 
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NOTES ON HEATING 


FURNACE ECONOMY 


AND OPERATIONS 


Pusher Type Furnace, 
Gas Fired, for Anneal- 
ing Transmission Gear 
Forgings. Courtesy of 
Ford Motor Company 


Portions of a Section Written for the 1936 Edition of National Metals Hana 
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By H. Mawhinney 
Engineering Co. 


Ohio 


ESPITE THE FACT THAT ACCURATE 
information on the design and construction of 
heating furnaces has accumulated rapidly in the 
last 20 years, it still remains true that the design 
and construction of an efficient furnace — as of 
any other rugged and eflicient machine — is best 
left in the hands of specialists. These are rela- 
tively few, so any general notes which can be 
jotted down here had best be confined to some of 
those items which can properly be used by an 
intelligent purchaser (who are many) in sifting 
the claims of salesmen and selecting and oper- 
ating a proper heat treating machine. 

Necessarily many remarks must be highly 
generalized, for a multiplicity of furnace designs 
are available even when only the varieties of 
fuels, the method of handling the work, and the 
nature of the work to be done are considered. 
The correct selection requires knowledge of the 
requirements to be met, and a practical under- 
standing of the limitations of the various mate- 
rials of construction at elevated temperatures. 

However, the following rules should always 
be followed: 

I. A furnace is a heat treating machine and 
the method of conveying the material must not 
compromise the heating characteristics of the 
furnace. 

ll. The advantages of simplicity in the de- 
sign of conveyor hearths should not be over- 
looked in a desire to save labor. 

Ill. Conveyors which will damage the mate- 
rial must first be eliminated. (Examples are the 
scratching of non-ferrous metals, damage to 
threaded parts, sagging and denting of tubular 
products.) Means for conveying which interfere 
with the circulation of heat must also be elimi- 
nated where precision of heat treatment is neces- 
sary. From the remaining available methods. 
' Selection can be made by a careful study of 
‘he comparative operating costs, including main- 
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tenance and fixed charges on the investment. 

Furnaces usually handle work either in 
batches or a continuous stream. Batch furnaces 
may have a stationary hearth (with solid or 
roller bottom), a car bottom or an elevator 
hearth; likewise the furnace itself may be mov- 
able from one bottom to another. Continuous 
furnaces may be of the tunnel type (either single 
stream or counterflow) with equipment for push- 
ing or pulling the work through on pans, skids 
or in cars; the hearth may be a woven belt or a 
chain conveyor with moving fingers, or be of 
walking beams or a series of rollers. Rotary 
hearth or turret types of furnaces are continuous, 
as are also rotating retorts. 

For estimating comparative operating costs 
of different designs, it is safe to assume that fire- 
brick linings will last for two years at tempera- 
tures below 1900° F., and for one year above 
2000° F. This does not apply to door jams, 
piers and bridgewalls, which will require addi- 
tional patching. The life of metal parts when 
properly designed for stress and usual furnace 
conditions will be approximately as follows: 
Cast iron will last five years below 1400° F., one 
vear at 1700° F., and five months at 1800° F. 
Sound nickel-chromium-iron alloy castings will 
last three years at 1700° F., 18 months at 1900 
F., and 6 months at 2000° F. 


Life of Furnace Parts 


The life of a furnace at a given temperature 
depends upon the rate of heating, which may be 
expressed in pounds per square foot of hearth 
area per hour. The maximum allowable rate of 
heating steel parts which can be fairly closely 
packed is about 35 Ib. per sq.ft. per hr. for under- 
fired and overfired furnaces, 70 lb. for sidetired 
furnaces, and 100 Ib. for direct fired furnaces. 
These are upper limits which should not be ex- 
ceeded if long life of the furnace refractories is 
expected. The above rates are for heating mild 
steel, and may be about twice as great when 
heating brass, 25 times as great for copper, and 
0.7 times as great for alloy steel. 

The above figures for allowable safe rate of 
heating vary according to temperature. At draw- 
ing temperatures of about 10007 F., the usual rate 
for steel is about 25 lb. per sq.ft. per hr., com- 
pared to the allowable rate of 35 lb. given above 
for heat treating at 1500 to 1600° F. By means of 
fans for air circulation, this rate may be in- 
creased to 35 lb. in electric furnaces. At heat 
treating temperatures of 1500 to 1600° F., air cir- 
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culation will not ordinarily increase the rate of 
heating sufliciently to be worth while, because 
the amount of heat transferred by convection is 
small in comparison with that by radiation and 
conduction. 


Economy of Furnaces 


The heat input to a heating furnace is dis- 
tributed in various ways, depending upon the 
type of furnace. The efficiency of the furnace is 
that amount of useful heat going to the work in 
proportion to the total put into the furnace. The 
author’s book on Practical Industrial Furnace 
Design may be consulted for detailed methods 
for figuring this heat balance. 

The table below gives the average fuel econ- 
omies (rather than the efficiencies) for typical 
heating furnaces of good design, properly oper- 
ated. “Economy” means the B.t.u. of heat which 


Energy Liberated in Furnace to Heat Unit of Work 
Average Fuel Electricity 
Temperature B.t.u. Kw-Hr. 
Operation F per Lb per Ton 
Drawing: Batch type 1000 700 120 
Chain conveyor 1000 500 110 
Hardening or normalizing: 1500 to to 
1700 
Batch type rey 1250 300 
Rotary hearth 850 210 
Pusher, direct 900 225 
Pusher, pans 1400 340 
Chain conveyor 1000 245 
Car type 1200 290 
Roller hearth; steel sheet 850 
Box anneal, sheets aie 1300 
Carburizing in boxes: 1650 
Batch type iain 1560 400 
Pusher, straight 1200 325 
Pusher, counterflow 
Recuperative 750 150 
Enameling: 
Sanitary ware, 3 coats 1750 2150 
Continuous, flat ware 1500 to — 
1650 
Ground coat eer 2500 320 
Finish coat ee 1750 220 
Lead pots: 1500 1500 225 
Heating for forming: 1900 
Batch 1750 
Continuous pusher ees 1600 eee 
Plate reheating 1800 1800 
Forging: 2200 
Batch 2800 500 
Continuous, pusher 1400 
Rotary hearth 1600 
Wire patenting: 1850 1500 ° 
Heating for rolling: 2400 es ; 
Batch, 4 to 6 doors 1800 
Continuous pusher hae 900 
Soaking pits for het ingots: 2400 600 
Copper billet heating: 1700 500 
Annealing brass and copper: 1000 to 
1200 
Pan type batch furnace eu 400 er 
Continuous, pans 350 110 
Continuous, chain 350 110 
Continuous, counterflow 160 50 
Heat treating aluminum: 
Continuous, forging 880 140 
Pit type; 21-hr. heating 960 265 
Car type 975 200 


must be liberated in fuel fired furnaces (0 hea; 
one pound of material (or kw-hr. per ton «/ ma- 
terial in electric furnaces). The heat lues 
given in the table are averages of good operation 
at efficient rates of production, and are for | per- 
ation without heat saving devices. 

To obtain the actual fuel consumption of 
given furnace, divide the economy in B.t.u. by the 
net heating value of the fuel under considera. 
tion. (For this purpose the theoretical }y ating 
value of the fuel — or the gross chemical energy 
with products of combustion cooled to room 
temperature as given by computation or a 
‘alorimeter test — should be reduced by the 
amount of heat necessary to convert the water 
in the flue gases to vapor.) 


Comparative Costs of Fuels 


In comparing the over-all cost of operation 
of different kinds of furnaces, the major items 
for consideration are (1) charges on the invyest- 
ment, (2) labor, (3) maintenance and (4) fuel. 
The first three items depend largely upon the 
construction of the furnace and the type of con- 
veyor or other mechanism involved for handling. 

Much has been said and printed about item 
(4). A true comparison of fuel cost must include 
a consideration of the percentage of heat lost 
in the flue gases. For example, all of the heat 
liberated in an electric furnace at all tempera- 
tures goes to the material being heated, the fur- 
nace lining, or radiation through walls and open- 
ings. A fuel fired furnace involves an additional 
loss in the flue gases leaving the furnace. 

The table on the opposite page gives the 
amounts of various fuels which equal one kw-hr. 
of electric heat at different temperatures, after 
correcting for flue gas losses. The comparative 
cost is also shown in this table, based on assumed 
fuel costs which are given. The table assumes 
the same furnace construction in all cases. In 
actual practice, more insulation is used on elec- 
tric furnaces, so that the relative cost of elec- 
tricity with respect to other fuels is slightly less 
than is indicated by the table. 

The cost of fuels is merely a guide in their 
selection, and should never be used alone to de- 
termine the best fuel for any given conditions. 
The relative convenience and cost of preparation 
must be carefully studied. Of even more impor- 
tance is the kind of heating possible with various 
fuels, including accuracy of control, natu! of 
surface obtainable and atmosphere required. 

(Continued on page 38) 


METAL PROG"ESS 


| 

AG 

| 
4 

4 

? 
¢ 

ie 
| 
Her 
ig 
wh 
bys 
We 
3 

- 
= 
* 
4! 
| 
A 
+ 
4 
a 
;. 
: 


1. Continuous Roller Hearth 
/ 2. Continuous Wire Patenting 
Furnace 
3. Batch Type Gas Carburizer 
| 4. Bell TypeAnnealing Furnace 
5. Clean Hardening 
: 6. DX-Gas Preparation Unit 
7. Continuous Hardening Fur- 
nace 
8. Vertical Annealing Furnace 
9. at ere Continuous Gas Economies are effected and quality of work improved when S.C. furnaces are used. 
rburizer. Surface Combustion designs and builds furnaces for either batch or continuous car- 
10. Continuous Walking Beam burizing, hardening, drawing, annealing, galvanizing, forging. Also controlled atmos- 
Radiant Tube Hardening phere omen are available for bright annealing of ferrous or non-ferrous metals, 
Furnace for gas carburizing, forging, nitriding or clean hardening of steel—for either batch 
11. Circulated Heated Air Con- or continuous operation. 
tinuous Draw Furnace S.C. Engineers with their broad background of experience gained from thousands of 
12. CarbottomAnnealingFurnace industrial installations, will be glad to consult with you regarding your heat treating 
13. Continuous Mesh Belt An- problems. 
nealing Furnace C b ° C . 
14. Continuous Heating Furnace Surface om ustion orporation 
15. Clean Hardening Furnace. 


€3 TOLEDO, OHIO Sales and Engineeriag Service in Principal Cities 


‘OU ARE CORDIALLY INVITED TO ATTEND OUR EXHIBIT AT THE NATIONAL METAL EXPOSITION, SPACE No. 25-A 
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Surface Combustion Principles 


SC Tunnel Burner— 1300 
Series. 


SC High Pressure Two 
Stage Velocity Burner Set. 


SC Single Stage High Pres- 
sure Velocity Burner Set. 
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SC Low Pressure Velocity Burner. 


The three following important features which ar: 


Orpor- 
ated in SC Furnaces, must be embodied in the cor ruction 
of furnaces in order to obtain satisfactory and continyoys 


performance. 


1. Proper Combustion System. 


2. Correct application of the combustion system for results quired. 


3. Proper design and construction of furnaces to insure continuous 
and satisfactory performance. 


The most important factor—the firing system—embodies the fundamental. 
of Surface Combustion as a process which was one of the first efficient methods of 
burning gaseous fuels in a constantly proportioned mixture. The name originated 
in England where Bone, McCourt and others applied it to the catalytic action of 
certain metals (and later of incandescent refractory surfaces) upon the combus. 
tion of homogeneous explosive mixture of gas and air. 

Professor Lucke, in America, employed the catalytic effect of incandescent 
granular refractory materials to increase the speed of combustion of such mixture 
This method of combustion, now known universally as “Surface Combustion,” js 
an almost instantaneous reaction, which releases the total chemical energy of the 
gaseous fuels in a maximum concentration and gives the highest reaction tempera- 
ture possible. 

In industry, the practical application of burning gas and air by the original 
Surface Combustion Principle as described above, was not possible in those earl 
days, due to the lack of suitable devices for maintaining a definite control of th 
gas and air mixture. Starting with this situation, SC engineers have developed 
the necessary equipment to perform this function automatically. 

Many years of experience in research and practical application, have been th: 
basis for the development of today’s SC Automatic Proportioning Combustic: 
Equipment, which meets almost every industrial heating need. 


47 DIFFERENT TYPES! 
MORE THAN 400 DIFFERENT SIZES 


Because no one type of burner can handle all applications. 
SC burners are built in 47 different types and in more than 
100 different sizes. A very wide range of burner equipment 
is, therefore, available for whatever application you ma) 
require. The correct size and type of burner for your 
particular applications are assured. 


Surface Combustion Corporation 


Sales and Engineering Service in Principal Cities 
TOLEDO, OHIO 


SC Impact Burner—1200 Series. 
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The fundamental purpose of a furnace is to heat 
a given material properly, and frequently the 
savings from a cheap fuel are quickly lost in 
rejected material. 


Operation Pointers 


Fuel to heat cold furnace may be calculated 
from figures for the average rate of heat libera- 
tion in B.t.u. per sq.ft. of interior area per hr. 
required to heat a firebrick-lined chamber from 
cold to the operating temperatures in different 
lengths of time. Accompanying values are based 
on the usual practice of firing hard at the start 
and cutting down the fuel rate as the furnace 
comes up to temperature. 


Hours to ——_—__—__—-B.t.u. per Sq. Ft. of Wall—— 
Tempera- Heated to Operating Temperature 
ture 1000° F 1500° F. 2000° P. 
2 6000 12,000 baci 
4 4200 6800 13,500 
6 3300 5100 8000 
8 2700 4300 6000 
10 2200 3800 5200 
12 1800 3300 4800 
14 


1600 3000 4500 


Furnaces lined with so-called light or in- 
sulating refractories will heat up in about one- 
half the time required for firebrick, with the 
same rate of heat input. 

Operation of Oil and Gas Burners — There 
are several fundamental facts which should be 
kept clearly in mind when lighting furnaces 
equipped with oil or gas burners, and which, 
if remembered, will avoid unpleasant experi- 
ences. For all fuel fired furnaces: 

Open all doors before lighting the fur- 


. 


nace. 

2. When lighting oil burners or gas burn- 

ers of the blast (two-pipe) type, turn the air on 
first, then the fuel. 
3. When lighting gas burners of the low 
pressure, proportional mixing type, always open 
the gas supply valve wide; all regulation of fuel 
is by the air flow and the ratio adjusting screw 
on the mixer. 

4. When shutting off an oil burner, or a 
gas burner of any type, shut off the fuel first. 

Due to the rapid ignition of most gaseous 
fuels, there is generally little difficulty in keeping 
gas burners lighted. However, when finely 
divided atomized oil strikes cold surfaces in the 
furnace, condensation takes place and separated 
carbon burning with insufficient air causes dense 
smoke. Small quantities of oil with excess air 
should therefore be burned until the burner block 
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becomes red hot. A baffle in the form of — stee| 
bar inserted from the outside and projec) jp 
front of the burner will assist in lighting sos 
oil burners, because it keeps the velocity || the 
atomized oil below that of ignition, and a'/ords 
the mixture an opportunity to light before pags. 
ing through the furnace chamber. 

When lighting a furnace with several! )urp- 
ers it is best to light properly one or two at a 
time rather than to attempt to light all burners 
atonce. The reason is that unburned combustion 
gases constitute an effective fire extinguisher and 
several improperly adjusted burners will inter. 
fere with the lighting of others. 

Drying — A new furnace after construction 
should be slowly dried out with gradually in- 
creasing temperature to avoid spalling and crack- 
ing. This process should take two or three days, 
one-third of which should be below 500° F, _ 

After the furnace has been heated to tem- 
perature and the doors closed, the total flue area 
should be partially closed until a pressure of 
about 0.01 in. water exists in all parts of the fur- 
nace. Temperature uniformity in the furnace 
may be regulated at this time by adjusting the 
flues; in general, the flues at hotter portions of 
the furnace should be closed to force more gas 
and heat toward flues left open in the colder por- 
tions of the furnace. 


Relation and Cost of Various Fuels to Electricity 


Furnace 1 Kw-Hr. Equivaler 
Mode of Temp- Net Cost — — 
Generating erature B.t.u. per per Unit Fuel Cc 
Heat F Unit ¢ Units 
Electricity all 3415 1.0 
(1 kw-hr.) 
Bituminous 1000 14,000 0.25 0.294 0 ov 
coal (1 Ib.) 1500 ite Sane 0.338 0.085 
2000 sean 0.397 10 
Fuel oil 1000 140,000 5.0 0.029 0.145 
(1 gal.) 1500 ean ee 0.034 0.170 
2000 0.040 0.208 
Natural gas 1000 1020 0.04 4.03 0.161 
(1 cu. ft.) 1500 aan cate 4.63 0.185 
2000 5.45 21 
Artificial gas 1000 475 0.08 8.65 0.682 
(1 cu. ft.) 1500 9.96 0.796 
2000 11.70 0.935 
Butane 1000 3020 0.191.382 
(1 cu. ft.) 1500 1.59 0.30- 
2000 sane 1.87 0.359 
Coke oven 1000 510 0.01 8.06 
(1 cu. ft.) 1500 9.2¢ — 
2000 10.9 0.108 
Producer gas 1000 150 0.003 30.3 — 
(1 cu. ft.) 1500 37.3 
2000 come 46.5 6.141 
Blast furnace 1000 9@ 0.0023 57 a. 
gas (lcu.ft.) 1500 79.4 9.290 
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Designed to Fit 
Your Specific Requirements 


The several installations shown on this page 
and on the inside back cover of this issue 
represent a few of the various types of con- 
trolled atmosphere furnaces we have built 
for scale-free heat treating, brazing, and 
bright annealing miscellaneous ferrous and 
non-ferrous products in various shapes 
and forms. 


(Left) A recent installation for bright annealing 
cold drawn seamless steel tubing. Other outstand- 
ing installations made for bright annealing ferrous 
and non-ferrous stampings, wire, sheet, strip and 
tubing in coils and straight lengths 


(Right) Two pusher type 
furnaces brazing miscel- 
laneous automotive and 
refrigerator parts. The 
assemblies are automatic- 
ally conveyed through 
the furnace and discharg- 
ed completely brazed— 
clean and bright. Other 
types and sizes for vari- 
ous other products. 


(Below) One of our 
standard continuous 
chain belt conveyor type 
furnaces designed for use 
with our inexpensive 
furno gas atmosphere for 
clean and bright harden- 
ing bolts, screws and 
other small and medium 
size products. 


The application of controlled atmosphere 
equipment to the annealing, heat treating 
and brazing of metals has advanced rapidly 
since the development of our inexpensive 
Elfurno gas atmosphere. It should be given 
consideration in the planning of all new 
furnace equipment or the modernization of 
present equipment. 


Our engineers will be glad to discuss our de- 
velopments in controlled atmosphere equip- 
ment or work with you on any of your 
furnace or heat treating problems ; 


THE ELECTRIC FURNACE CO. 
Fuel Fired  SALEM,OHIO. 


Furnaces 


Electric 
Furnaces 
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MODERN MELTING 


Requires Super-Refractories . . . 


Alundum. Crystolon 


or Magnesia Linings 


Metallurgy has progressed from a routine 
job to a science. 

The advance in furnace design has _ re- 
quired similar advances in the quality of 
the refractories employed. Norton Com- 
pany has responded by developing a com- 
plete line of super-refractory materials 
electric furnace products that meet the 
rigid requirements of modern melting prac- 
tice. 

Let Norton engineers help you solve your 
refractory problems. 


A new catalog gives full 
information about Norton 
Cements—send for a copy. 


NORTON COMPANY, WORCESTER, MASS. 


NORTON PRODUCTS 
for Melting 


ALUNDUM (fused alumina) 
CRYSTOLON (silicon carbide) 
MAGNESIA (electrically fused) 


Each of these Norton products has 
special chemical and physical prop 
erties, making it possible to meet 
the individual requirements of dif 
ferent melting problems. 

All three products are availabl 
three different forms: 


RAW MATERIALS— 
Refractory grains of various mesh 
sizes for making lining mixtures 


CEMENTS— 


Ready-to-use bonded mixtures 
high purity and refractoriness. 


BONDED SHAPES— 
Prefired shapes of various types, in 
cluding bricks, blocks, tubes and 
crucibles. 


NORTON 


REFRACTORIES 


METAL 
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ADVANCED 


HARDENING, TEMPERING & 
TEMPERATURE CONTROL 


TRIPLE-CONTROL HUMP HARDENING 


Under triple control, the heat-treater has complete con- 
if the hardening furnace. 
apocarb controls the Hump furnace atmosphere ; pro- 
the surface of each piece ; eliminates packs and coatings 
Sealing, pitting and decarburization are ended. Maximum 
ficiency of quench, maximum grain refinement, uniform 
Iness of surface, and uniform depth of hardness are 
ned, because the piece stays clean. No refinishing is 
cessary, and the average piece is as good as the best. 
\utomatic control of the rate of heating brings all sec- 
ns of each piece up to the critical, through the critical and 
up to the quench poimt together. The tool really sets its 
rate of heating; distortion is reduced to the practical 
vanishing point. 
The Hump Method Control of Muench locates and re- 
rds the critical range, and records the quench point. It 
bles heat-treaters either to duplicate quench points, or to 
iry them accurately and positively. 


HOMO FORCED-CONVECTION TEMPERING 


\ new Homo Tempering Furnace has great produc- 
tive capacity on very dense loads. The famous Homo uni- 
ity, on which the success of this method rests, is not 
atiected by a step-up in speed—work has the same close 
Brinell limits that Homo-Tempered work has alw: ays had. 
Che only difference is a sharp cut in the cost of fine temper- 


ing of extra-dense loads. 

The Homo that does this work, like all other Homos. 
perates entirely automatically. Control includes a feature 
that prevents overshooting. | eneth ot soak can he vi iried, 

soak temperatures can be raised or lowered quickly, with- 

loss of production time. All loads can have precisely 
the same A. treatment, or each a special treatment 
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MICROMAX TEMPERATURE CONTROL 
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\ Micromax Potentiometer Pyrometer o 
nique dependability is available for every indus 


ial need L&N offers a complete / of poten- 


tiometer pyrometers trom which vou can select the 


orm that suits your needs \mong these pyron 


) 


eters are the Micromax Strip Chart Recorder o1 


IN 


In 


ecording Controller, the Micromax Round Chat 
ecorder or Recording Controller. the Microma 


ulicating Controller, and the Micromax Radi: 
m Recorder or Recording Controlles 


SEE THESE DEVELOPMENTS 
IN BOOTH E-42, METAL SHOW 


LEEDS & NORTHRUP COMPANY 


492) STENTON AVENUE PHILADELPHIA Pa 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS AND CONTROL EQUIPMENTS 
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dicating Controller, the new Micromax Non- 
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Continuous Clean Annealing Furnace. Capacity 8,000 pounds per hour 


ROCKWELL FURNACES GAS - ELECTRIC - OIL - COAL 


To take: Capacities from ounces to tons. Bright or oxidized finish. 
Continuous or batch process. Full automatic or manual operation. 


Let us help you W. S. ROCKWELL CO. Write for catalog 


50 CHURCH ST. Industrial Furnace Equipment NEW YORK 


Representatives: Detroit - Chicago - Cleveland - Pittsburgh - Columbus - Birmingham - Indianapolis - Montreal - Toronto 


JUTHE 


“AMERICAN” Electric and JUTHE Gas Furnaces 


embrace all the known methods of heat treatment. 


They are available in seventy-five standard models and 
over one hundred special models designed for produc- 
tion treatment of both ferrous and non-ferrous metals. 


What they do for others they can do for you. What- 
ever your heat treatment problem—consult us. 


American Electric Furnace Company 


30 Von Hillern Street 
BOSTON MASSACHUSETTS 


42 METAL PRO GRESS 


| 
ie 
GH 


Give Thanks Faraday 


Without whose genius our coreless induction furnace 
might never have been possible. The honesty of purpose 
and truthfulness of Faraday have guided the making of 
this one perfect process of heating and melting. 


Feeling that a new method was necessary to keep 
step with the rapid progress of modern industry, we 
believe that our revolutionary discovery is the ideal fur- 
nace for commercial uses, and will conform to the most 
exacting specifications wherever reproducibility, low 
melting losses, temperature control, perfect mixing and 


freedom from contamination from carbon, sulphur, etc. 
are concerned. 


The Ajax-Northrup system is so flexible for forging 
and heat-treating that heat can be produced wherever it 
is wanted and nowhere else. 


If you are interested in advances in your industry we 
shall be glad to send one of our technical men (not a 
salesman) trained in your special problem. You will 
find it an education in the methods of tomorrow. Write 


today. 


AJAX ELECTROTHERMIC CORPORATION 


Ajax Park, Trenton, N. J. 
VISIT US AT BOOTH A-4 NATIONAL METAL EXPOSITION, SEPT. 30 TO OCT. 4, 1935 


‘DP BY THE LEADING MANU! 
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For annealing steel 


GREATER PROFITS 
G-E ELECTRIC 


Crowe Name Plate & Mfg. Co. 


reduces rejects and pickling costs 
with this G-E CONTROLLED-ATMOS- 
PHERE ELECTRIC FURNACE 


This G-E continuous-bright-annealing furnace is making three 
important savings for the Crowe Name Plate & Mfg. Co., 
Chicago, in annealing nameplates, radio dials, emblems, etc., 
between stamping operations. Since the parts annealed come 
out bright and clean, pickling costs are entirely eliminated. 
Because of the excellent temperature distribution in the furnace, 
all parts are annealed more uniformly, reducing the number of 
rejects and the wear and tear on the dies. Moreover, the dies 
now make clearer-cut impressions. 


You may not make punchings and stampings, but if you 
anneal your product, a G-E controlled-atmosphere bright- 
annealing furnace will save you money through trouble-free 
service and long furnace life. 


How Remington Rand 


SAVES MONEY with 
G-E ELECTRIC-FURNACE BRAZING 


The Dalton Powers Division of Remington Rand, Inc., located 
at Norwood, Ohio — makers of accounting and adding mo- 
chines—is now making substantial savings in production and 
service costs by G-E electric-furnace-brazing more than 150 
machine parts. Riveting, pinning, and torch brazing proved un- 
satisfactory and costly for many of the small parts which are 
subjected to repeated vibration and severe impacts during 
everyday service. G-E electric-furnace brazing has improved 
the strength, quality, and life of these parts by giving them 
strong, ductile, vibration-resisting joints. This has reduced re- 
jects and service costs to the minimum. 


If you are now riveting, pinning, soldering, or torch-brazing 
small parts subjected to severe stresses, G-E electric-furnace 
brazing will save you money. 


YOUR EVERY NEED IN ELECTRIC 


RECTANGULAR BELL- 


For annealing sheets, strip, 
sheets bars, and tubes 


For annealing stampings, punch- 
ings, coiled strip, and wire 


PUSHER-TRAY 


CONTINUOUS HEAT- 


For heat-treating smo 
machine parts 
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FOR USERS 
FURNACES 


They wanted high quality — today’s best sales appeal 
They got it with G-E BELL-TYPE ELECTRIC FURNACES 


The steel companies in whose mills these pictures were taken, now bright-anneal their coiled steel strip 
in G-E controlled-atmosphere, bell-type electric furnaces because these furnaces assure them of a more 
uniformly bright-annealed product—a higher-quality product that increases sales possibilities. In addition 
to high quality, these companies obtain three other important advantages. These furnaces permit quicker 
shipments and a greater daily output at lower cost because of their shorter annealing cycle. Rejects are 
fewer, since every coil in the stack is bright-annealed uniformly as a result of the even temperature dis- 
tribution in the furnaces. The low temperature differential between the heating elements and the charge 
means long resistor life and lower maintenance costs. 


For complete information on G-E electric furnaces, write to General Electric, Dept. 6-201, Schenectady, N.Y. 


ANNOUNCING . . . AN OPPORTUNITY TO SEE G-E ELECTRIC-FURNACE BRAZING 
— HOW IT IS DONE — HOW iT CAN SAVE YOU MONEY. At our exhibit in space A-3 
at the National Metal Exposition, there will be a complete G-E controlled-atmosphere electric 
furnace, performing copper-brazing operations on a production basis. When you see this furnace 
in operation, contrast its simplicity and economy with other fabricating methods. 


FURNACES FROM ONE MANUFACTURER 


CONTINUOUS ENAMEL- 
ING FURNACES 


BOX-TYPE 
FURNACES 


For run-of-the-mill heat- For drawing miscellaneous For high-quality, low-cost 
treating jobs steel parts enameling work 470.29 


ECT 
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See them at the National Metal Congress! 


The most advanced designs 
controlled atmosphere furnaces 


for heat treating 


HIGH SPEED STEEL . . . STAINLESS 
STEEL ... HIGH CARBON AND CHROME 
STEELS ... CARBON and ALLOY TOOL STEELS 


ORE than 300 “Certain Curtain” Furnaces have been in- 
stalled during the past four years, years when “nobody was 
spending” and a piece of equipment had to be EXTRA 

PROFITABLE to win purchasers. Seven years ago the Hayes 
“Certain Curtain” was the first successful controlled atmosphere 
furnace for practical tool room operation. Today it still provides 
the most dependable method for preventing the daily losses that 
occur in tool furnaces with inadequate atmosphere control. It 
provides a wide variety of constant atmospheres for various types 
of steel, obtainable at will by the operator. We have considerable 
data on this subject which we shall be glad to put before you at 


our booth 


BOOTH C-34 National Metal Congress 
Cc. Il. HAYES, Inc. 


129 BAKER STREET, PROVIDENCE, R. lI. 


If you are not to attend the 


National Metal Congress MAIL THE COUPON BELOW 


C. I. Hayes, Inc., 129 Baker St., Providence, R. I. 
wow Oe 
ag mt Send me data on your “Certain Curtain” Controlled Atmosphere Furnaces for heat tre 


(OC High Speed O Tungsten © Cobalt O HighCarbon O Alloy O Stainless 1 Carbon) Stee! 


46 METAL ®E5S 


; 
> 
| 
| ‘ 
if I 
; 
y 
4 
ri ting 
maven 


DIXON 


BOOTH M-29 
NATIONAL METAL EXPOSITION 


DIXON STOPPERS and NOZZLES 
are made with the skill and experience 
of over a century's refractory manu- 
facture checked by laboratory tests. 


In addition, they are made under the 
supervision of an experienced Ceramic 
and Production Engineer who knows 
your exacting requirements and work- 


ing conditions. 
Visit our Booth and inspect a repre- 


sentative line of Dixon Crucibles, Made in special shapes 


Stoppers, Nozzles, and other refrac- 


for special needs 


JOSEPH DIXON CRUCIBLE CO. 


JERSEY CITY, N. J. Ea. 1987 “SHAMV A, Multite ts made to order in shapes 


for melting furnaces of all types, 
ceramic kilns, coke ovens, boiler settings, oil stills, 
and for numerous other special requirements rhe 
above grouping, though of necessity incomplete, in- 
dicates something of the scope of this arm of Mullite 
service 


“Shamva™" Mullite is an aluminum silicate found only 
in India It is without counterpart Its main differ- 
ence from clay refractories is that, instead of contain- 
ing compounds of varied melting points with the low 
est determining the service-life of the product, it is 
composed of interlocking crystals, all with a single 
softening point of 3300° F 


“Shamva™ Mullite stubbornly resists the erosion of 
slag It is also practically immune to thermal shock 
this, with its ability to bear loads twice as heavy as 
ordinary refractories will support at high temper- 
atures, so greatly reduces repair bills as to offer the 


non-ferrous melter economies it is to his advantage 
to investigate 

We are willing to arrange a TRIAL INSTALLATION 
in your own plant on a “make good" basis Inter- 
esting lilerature free on request. 

THE MULLITE REFRACTORIES CO. 
SEYMOUR, CONN, 
“SHAMVA 


MULLITE 


THE ULTIMATE SUPER - REFRACTORY 


\ CONTINUOUSLY 


ACTIVITY 


WITH ONLY 


HAR PRODUCTS COMPANY 


BANK BUILDING INDIANAPOLIS 


HUW, 
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MULTIPLE UNIT 


* 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES HHEWE=DUFY ELECTRIC EXCLUSIVELY 


HEVI DUTY ELECTRIC COMPANY 


Cordially Invites you 


To Visit Their Display in 
Booth F-1l 


at the NATIONAL METAL SHOW 
CHICAGO 
SEPTEMBER 30th » » OCTOBER 4th 


A new line of High Temperature Furnaces with 


Heating Elements of SMITH ALLOY No. 10 


will be shown in operation. 


MILWAUKEE, WISCONSIN 
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ASON No.1 


.FE AT HIGH TEMPERATURES 


ade of especially selected and calcined 
atomaceous silica, blended and bonded 

th asbestos fibre, Superex has unusual 

at resistance. For many years, it has 

wed its dependability under severe service 
ehind refractory linings in high-tempera- 
cure furnaces. 


REASON No. 2 


(4IGH INSULATING EFFICIENCY 
| LESS THICKNESS REQUIRED 


\ 
\ 


Its remarkably low thermal conductivity 
means that, for the same insulating value, a 
lesser thickness of Superex is required than 
any material of equivalent heat resistance. 


REASON No. 3 


( PICK YOUR THICKNESS 


34-4" 


Superex is furnished not only in the thick- 
nesses shown above, but also in any inter- 
mediate thickness desired. No waste; you 
buy only the thickness you need. 


A 


A Few Uses for Superex 
You will find Superex Blocks espe- 
cially well adapted for the insulation 
of slab heating, annealing and all 
types of controlled atmosphere fur- 
naces, producer gas mains, hot-blast 
Stoves, open hearths and regener- 
ators, and boiler furnaces. 
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Why 


J-M SUPEREX 
BLOCKS 
behind your 
Refractory 
Linings 


Superex has proved itself the 
superior block insulation for 


LOW INSTALLATION COST 


high-temperature industrial 
equipment. Recently, ithas been 
made even more efficient, even 
more resistant to high tempera- 
tures than ever before. 

Here, briefly, are five impor- 
tant reasons why Superex, used 
behind refractory or semi-re- 
fractory linings, will give you 
trouble-free service and maxi- 
mum efficiency and economy. 


Superex is also available in the form 
of pipe insulation for superheated 
steam and hot oil and gas lines. 


Free Data Sheets on Superex Blocks, 
Sil-O-Cel Brick and other Johns- 
Manville insulations for high-tem- 
perature furnaces mailed on receipt 
of coupon. 


REASON No. 4 


Blocks are large (up to 12" x 36"); they are light 
(23 Ib. per cu. ft.). Superex goes on quickly, 
economically—as much as 3 sq. ft. at a time— 
with marked savings in labor cost 


REASON No.5 


JOINT LOSSES MINIMIZED ) 


=. 


No matter what insulation you use, or how care- 
fully you apply it, there's bound to be heat 
leakage through joints. Heat passes through 
joints like water through a sieve 

But with Superex Blocks, because of the large- 
size units, such losses are reduced to a negligible 
degree. 


JOHNS-MANVILLE, 
22 East 40th Street, New York City 

Send me data sheets on Insulation of Indus- 
trial Furnaces and Ovens, including informa- 
tion on Superex Blocks 


Name _ . Tithe 
Firm Name 
Address_ 


City State, 


ra 
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Unusual capacity with close 
control over atmosphere and 
temperature uniformity make 
this Mahr furnace an out- 
standing example of engineer- 
ing experience and progressive 
manufacture. 


Modern furnace designs—continuous or batch type—must 
provide extremely close control over temperature, atmos- 
phere, and mechanical operation. Correct designs will re- 
duce manufacturing costs and insure a quality of produc- 
tion that cannot be accomplished with the ordinary furnace. 


Mahr engineers solicit the opportunity to offer such correct 
designs whether your requirement is for a small batch 
type—a continuous furnace—ora large, zone controlled unit. 


GAS « ELECTRIC « OIL 


MFG. Co. 


MINNEAPOLIS, MINNESOTA, U.S. A. 


METAL PROGRESS 


wtth 
‘al hie 
"4 


prope; 


HE drawing of a typical controlled atmos- 

‘he re, electrically heated furnace is shown 
above. “Carbofrax”™ is used in the various 
marked pec se because of a particular prop- 
erty or combination of properties. 


\— Floor and sidewalls throat. Here“ Car- 
bofrax” is used principally because it will resist 
abrasion from the work as it is put into and 
taken out of the furnace. 


Notice particularly the opening between the 
floor tile in this throat, throughw hic h the curtain 
flame issues. It is important that this ope ning 
be kept at its original size. “Carbofrax™ tile 


maintain the proper opening because of their — 


resistance to spalling. 


B—Combustion chamber lining. “~Carbofrax” is 
used because of its high refractoriness and strength 
at high temperatures. It will not soften or fuse under 
the high temperatures encountered in this section of 
the furnac 


C—Hearth. “Carbofrax™ is used for the hearth 
because of its high thermal conductivity (which 
assures sufficient bottom heat for the work), its resist- 
ance to abrasion and its strength at high temperatures. 


D—Piers or hearth supports. “Carbofrax”™ is used 
because of its stre sngth at high temperatures and its 
resistance to spalling. 


THE. CARBORUNDUM 


Refractory Division 


1 High thermal 
conductivity 

2 Strength at high 
temperature 

3 Resistance to 
abrasion 

4 Low spalling loss 

5 High refractoriness 


q Geseress — indicates location of ~ arbofrax 


With many years’ e xpe rience in the proper applica- 
tion of super re ‘fractories we can help you select those 
exactly suited to your needs, 


“CARBOFRAX” 


The Carborundum Brand Silicon Carbide Refractory 


BRICK - TILE - MUFFLES - HEARTHS - CEMENTS 


District Sales Branches: Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh 
Agents: L. F. McConnell, Birmingham, Ala 
Harrison & Company, Salt Lake City, Utah; Pacific Abrasive Supply Co., Loe Angeles; 
Denver Fireclay Co., El Paso, Texas; Williams and Wilson, Lid., 


Montreal-Toronto, Canada. (Carborundum and Carbofrax are registered trade-marks of 


Christy Firebrick Company, St. Loum, 
San Francisco, Seattle; 


The Carborundum Company.) 
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In your pyrometer circuit, your meter and Chromel- 
Alumel Thermocouple may be very accurate—and 
yet your temperature indication be in error. The 
“catch” lies in the error that may arise in the 
junction of the leads and couple. 
“compensating leads’’ with your Chromel-Alumel 


If you use 


couples, the two are of different composition, and 
where they join, therefore, another thermocouple 
exists. This junction is almost always warm and 
the hotter it gets, the greater the error. We don't 
claim this error always to be serious, but it may 


be and often is. 


So if you use Chromel-Alumel couples, and 
accuracy is important to you, see to it that you 
also use Chromel-Alumel Leads. Thus you elim- 
inate that thermo-electric junction mentioned 
above. Thus you also follow the example of 
Armco, Ford, General Electric and General 
Motors. These companies found out for themselves 
the possible seriousness of the above error, and 
so they have adopted Chromel-Alumel Leads for 
their Chromel-Alumel Couples. For a technica! 
presentation of these statements ask for Folder 


er Hoskins Manufacturing Co., Detroit. 


LEADS ano COUPLES 
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Cuts Forge Furnace 


Fuel Costs 84 
Production Increased 55% 


$561.00 Saved 


in Fuel Costs of 
Tool Heating Furnace 


50% 


Increase in 


Production from 
Same Amount of Fuel 


Savings os 
use of B&W K-38 


above are now extended to those operating industrial 


ol as those secured through the 


sulating Firebrick and summarized 


furnaces in the lower temperature zones at a new low 
initial cost through development of the B&W K-22. 

This new insulating firebrick is lower in price than 
either B&W K-30 or K-26 Insulating Firebrick, yet re- 
tains every characteristic requisite to lower operating 
costs in industrial furnaces operating at temperatures 
under 2200 degrees fahrenheit. 

All three of these insulating firebrick not only possess 
every advantage of an efficient insulator but, due to 
their high fusion points, freedom from shrinkage, and in- 
herent ability to support loads, may be used as a refrac- 


EXHIBITING 
AT BOOTH G-11 
NATIONAL 
METAL 
EXPOSITION 


CITY AND STATE 


OCTOBER, 1935 


tory in the furnace structure directly exposed to heat. 

Then, 
Babcock & Wilcox Company now offers the new B&W 
conductivity and weight for backing firebrick or insu- 


too, for high temperature insulation, The 
an insulating brick of extremely low heat 


lating firebrick at interface temperatures up to 2000 
degrees fahrenheit. 

The time and fuel savings secured through the use 
of these refractories are sufficient to warrant your 
thorough investigation. Write for Service Reports... 
even the briefest examination of these records will 
prove the adaptability of these refractories to your 
particular requirements and will indicate the amount 


of savings you, too, may secure. 


BABCOCK & WILCOX 


THE BABCOCK & WILCOX COMPANY, 85 LIBERTY STREET, NEW YORK, N. Y. 


Please send a copy of Service Reports 


R.32 
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There are 270,000 workers in the Bell System. 
The 100,000 telephone operators are able to 
serve you as they do because of the special- 
ized ability of 170,000 other employees—in- 
stallers, linemen, repairmen, construction 
crews, engineers, commercial office workers 
and the many thousands engaged in research, 
manufacture and management. 


wee 


SWIFT, SKILLED, 
COURTEOUS 
SERVICE 


Sue is one of 100,000 operators in the 
Bell System—local operators, special op- 
erators for the dial system, toll opera- 
tors, information operators and many 
others—all specialists in giving you efli- 
cient telephone service. 

The alert, friendly voice of the opera- 
tor is familiar to all who use the tele- 
phone. Through the years it has come 
to mean more than a voice. It is the 
symbol of politeness and efficiency. 

The manner of this service is as 
important as the method. Even a 
few words can reflect a business-like, 
courteous attitude. 

The operators in the Bell System are 
carefully trained. But there is something 
more to it than training—a spirit of 
loyalty and of pride in rendering an 
important service. This spirit is ever- 
present—it has brought especially high 
commendation in time of emergency. 

Truly the telephone operators have 
been called “Weavers of Speech.” Their 
swift, skilled fingers intertwine the 
voices and activities of commurities 
and continents. For daily, as 
upon a magic loom, the 
world is bound together by 
telephone. 


BELL TELEPHONE SYSTEM 
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and uses SUNOCO! 


—like many other well-known 
machine tool manufacturers 


INCINNATI Milling Machine and 
Cc Cincinnati Grinders, Inc.,—as well as 
many other prominent machine tool manu- 
facturers—realize that more pieces per tool 
grind, more satisfactory work, increased pro- 
duction and lower cutting cost are direct 
benefits of the lubricating and cooling effect 
produced by Sunoco. 

Faster, better grinding and more grinding 
per abrasive unit, with less time out for re- 


placing and resetting grinding wheels, are all 
made possible by the use of Sunoco. 


In Your Shop 
On performance and performance alone 
Sunoco has won recognition wherever ma- 
chine tools are operated. 

In your shop under your own operating 
conditions Sunoco will amply demonstrate 
its value as an aid in establishing new and 
higher standards of machine tool efficiency. 


Cincinnati 5-48 Plain 
Hydromatic Milling 
Machine 


Lubricant: 1 part Sunoco 
Emulsifying Cutting Oil 
to 20 parts Water. 


SUN OIL COMPANY, PHILADELPHIA Subsidiary Companies: 
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EMULSIFYING 


CUTTING OIL 


Cincinnati No. 2 
Centerless Grinder— 


Coolant: 1 part Sunoco 
Emulsifying Cutting Oil 
to 40 parts Water 


a 


Sun Oil Co., Led., Montreal 


British Sun Oil Co., Led., London, England 
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Above, The X-ray equipmen dat the AMSCO 
Chicago Heights plant of 400.000 volts is the largest 
and most modern in foundry use anywhere! 


Above, Radio- 
zraph of a used 
ANMSCO Alloy 
F-3 lead melting 
pot, showing por- 
osity of metal 
and consequent 
lead infiltration 
as represented by 
white areas. 


F-3 AMSCO 
Alloy lead pot 
made from the 
same pattern af- 
ter improvement 
in solidity made 
possible by X-ray 
eXamination 


Extensive 
shrinkage on 


Steel magnet 
cover plate 
represented 

by clouded 
area shown 
above At 
left is another 
casting from 
thesamepat- 
tern showing 
soundness 
throughout 


spection. 
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A fifth step, X-ray examination, has been added to our 
manufacturing procedure which has always included 
close analysis control, careful foundry practice, accurate 
heat treatment when desirable, and external inspection 
of castings. Now X-ray inspection is applied for your 
protection to typical or pilot castings to improve design 
and foundry practice. 


No longer are we limited to external examination, the 
microscope or destructive testing. We virtually can 
“look into’ typical castings to identify definitely all in- 
ternal defects, whether inclusions, blows, shrinks, cracks 
or porosity. AMSCO Allloy castings are continuously 
improved by the use of this new scientific tool. 


Employ AMSCO Heat and Corrosion Resistant Cast- 
ings for longest life and economy and freedom from 
break-down worries. 


AMSCO Alloy resists corrosion, and temperatures up 
to 2100°F., and when correctly applied, does not burn, 
crack, bend, warp or scale. It is made in a series of 
chromium-nickel and iron combinations to meet varying 
applications and has been proved by ten years of use 
in thousands of applications. It is successfully applied 
to corrosion resistant applications such as handling acids, 
gases, salts and mine water, and in heat resistant appli- 
cations in kilns, furnaces, stills and ovens. 


Let AMSCO engineers help you in designing new parts 
and applying AMSCO Allloy to standard designs to 
secure a maximum service life. Specify AMSCO Alloy 
on every cast part requiring complete heat, corrosion 
and abrasion resistance! 


AMERICAN MANGANESE STEEL COMPANY 


Division of American Brake Shoe & Foundry Company 
395 East 14th Street, Chicago Heights, Ill. 
Foundries at Chicago Heights, Ill.; New Castle, Del.; Denver, Colo.; 
Oakland, Calif.; Los Angeles, Calif. * Offices in Principal Cities 
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CORROSION AND 
HEAT RESISTING 
MATERIALS 


Sound Castings and Intelligent Use Is Necessary for Satisfactory Serv- 


ice of Alloy Castings. . . . Both Sides Have Their Say on the Question: 


“What Type of Electric Resistor Is Best for Heating Elements? ”’ 


7 
Pay 
Re 
ke? 


“oy 


FARRITE AND WE LL HAVE NO MORE SHUTDOWNS” 


AVOID such 
SHUTDOWNS with 
DEPENDABLE FAHRITE 


ih Present Heat-Treating practice requires alloy 
‘astings that must stand abuse and give uninter- 
rupted service. ‘NNEALING BOXE 
Ask the furnace manufacturers and other large 
° users about the economy and dependability of RETORTS AND 
Fahrite. DO 


OHIO STEEL FOUNDR 


SBistrict Sales Offices 


Ape Peoples Gas Bidg. Commercial Trust Bidg. Hunt. Bidg. 7S West St. 
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ROGRESS IN THE DESIGN OF HEAT 
treating furnaces has been rapid during the past 
few years, and many basic changes have been 
made in methods of carburizing, normalizing and 
other forms of heat treatment, yet a considerable 
tonnage of steel parts is still hardened or other- 
wise subjected to heat treatment in molten salt, 
cyanide and lead. There is no indication at pres- 
ent that this operation is to be superseded by one 
of the newer processes and the question of select- 
ing satisfactory containers for molten salts and 
lead is of great importance to those men respon- 
sible for keeping their production costs at a 
minimum. 

Factors affecting the useful life of containers 
may be listed as follows (not according to order 
of importance) : 


1. Design of the container. 

2. Design of the furnace. 

3. Kind of fuel used. 

4. Temperature of operation. 

.. Length of heating and cooling cycle. 
6. Composition of the metal of which 


the container is made. 
7. Physical soundness of the container. 


Let us consider each of these matters. 

Of course, the correct design of a pot is of 
great importance. Thermal stresses induced upon 
heating and cooling are necessarily severe, and 
their proper distribution is vital to the life of 
the casting. For this reason containers should 
be made as nearly a hemisphere as 
possible. Where oblong pots are 
necessary, all corners, as well as at 
‘he bottom and flanges, should have 
generous radii. Working in common 
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By F. K. Ziegler 
Metallurgical Engineer 
Electro Alloys Co. 
Elyria, Ohio 


ALLOY CONTAINERS 
FOR HEAT TREATING 


IN LIQUID BATHS 


steel one would make the bottom of the pot much 
heavier than the side walls, but this is to be 
avoided in the manufacture of alloy containers. 
The low rate of heat conduction of the nickel- 
chromium alloys imposes severe strains where 
light and heavy sections join in the same casting, 
and is quite apt to cause cracking. 

J. C. Woodson, in the symposium on the 
effect of temperature on the properties of metals, 
has called attention to the high stresses set up 
at flanges, due to the difference of temperature 
between it and the body of the pot. These stresses 
can be minimized by the use of a small flange 
resting in a separate alloy ring cemented to the 
top of the furnace. The small flange will reach 
a temperature only a few degrees lower than 
that of the body of the pot, and is free to expand 
and contract by sliding on the ring. In one 
installation where continuous trouble was ex- 
perienced with cracking of a large flange, the 
life of the pot was increased five times by this 
means. 

The first figure shows a very poorly designed 
pot. Castings made to this pattern repeatedly 
cracked at the corners and on the sides due to 
sharp corners and bad furnace construction. 
This shape was made because the customer 
insisted that it was necessary for his work, and 
to fit his furnace (a home made affair). After a 
series of failures, he was finally persuaded to re- 
design the furnace and use a larger pot with well- 
rounded corners. The expense of these changes 
was soon paid by the increased life of the pots. 

There is no hard and fasi rule 
known to the writer as to proportion 
between diameter and depth, or the 
smallest corner radius which can 
successfully be used in designing a 
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Alloy Pot With Flanges Too Long and Radii 
at Corners Too Short, Resulting in Quick 
Failure Differential Expansion 


pot for a specific installation. Account must be 
taken of all local factors affecting the life of the 
container, and a study made of the service rec- 
ords of similar installations to determine the 
best dimensions. Responsibility for the design 
should not be placed upon a draftsman, but 
should be shared by an experienced operating 
engineer, the salesman for the alloy foundry 
(who should be familiar with operating condi- 
tions), and the foundry superintendent. In gen- 
eral, it can be said that no pot should be made 
with less than *,-in. section (preferably '% in.) 
and in practically every case even a thicker cast- 
ing if well designed will more than pay for its 
greater first cost. 

It is bevond the scope of this paper, and the 
capability of the writer, to discuss furnace design. 
Several responsible furnace manufacturers have 
made a detailed study of characteristics of pot 
furnaces, and can furnish a well built unit which 
will give good and economical service. Atten- 
tion should be called, however, to the large num- 
ber of home made furnaces used for heat treat- 
ing. Many foremen and superintendents have 
their own ideas about burners and furnace de- 
sign, and believe that they are saving money for 
their company when they assemble a furnace 
from scrap boiler plate and brickbats. Actually 
the increased fuel consumption, decreased life 
of the containers, and untidy working conditions 
result in a distinct loss, as a comparison with a 
really good furnace will instantly prove. 

One of the commonest shortcomings of the 


inexperienced furnace builder is his failur: to 
provide an efficient combustion chamber. [py 
many such installations the flame impinges di- 
rectly upon the pot, resulting in local overheating 
with attendant high stresses and causing prema- 
ture failure through localized corrosion, partic- 
ularly in oil fired furnaces. The result of flame 
impingement on a nickel-chromium pot is shown 
in the view below. Directly below the corroded 
area can still be seen the letters cast on the pot, 
proving that corrosion has not been general. The 
sulphur in the fuel oil, however, combined with 
high temperature in a small area, caused this 
pot to fail in less than half its normal time. 

Electricity, gas, and oil are the fuels most 
commonly used for heating pots. The usual form 
of electric furnace employs heating elements 
distributed around the furnace walls, near the 
bottom and along the sides of the container. Im- 
mersion heaters are used in some installations. 
Choice of fuel is determined by a number of fac- 
tors which will not be discussed here. 

From the point of view of the manufacturer 
of alloy containers, electricity is the ideal heating 
medium, with gas and oil following in the order 
given, and for the following reasons: The rate of 
heating of a cold container has a great influence 
on its working life. With an electric furnace 
this rate can be set at so many degrees per hour, 
and very closely adhered to by automatic con- 
trol. Furthermore the atmosphere in the heating 
chamber in an electric furnace is not as corrosive 
as in fuel fired ones. Some pots operate at tem- 
peratures which approach or even exceed the 


Localized Corrosion in Nickel-Chromium Pot Caused 
Impingement of Flame From High Sulphur Fuel ¢ 
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Jing point of nickel-chromium alloys, and for 
-h service a neutral or slightly oxidizing at- 
sphere in the heating chamber is advan- 
ceous. 
The temperature of operation is determined 
the composition of the steel to be treated and 
.e physical properties desired in the finished 
art; time and temperature 
annot be juggled to favor 
the container. The life of a 
pot is, of course, in inverse 
ratio to the temperature of 
operation, and at higher 
temperatures the life de- 
creases in greater propor- 
tion. An unbiased analysis 
will show that in most 
cases, the use of high grade 
alloy pots is economical re- 
vardless of temperature. 
The importance of the 
length of the heating and 
cooling cycle (particularly 
the heating-up time) is well 
understood by experienced 
metallurgists. It is a mat- 
ter of common knowledge 
that a long heating period 
after a shutdown is neces- 
sary to avoid damage, 
hidden though it may be, 
but shortening the life of the 


Excessive. Corrosion 


container. In spite of this, Salts Seeping Into 
some users repeatedly ruin 
pots by heating too rapidly. Care should be 


taken that the solid salt or lead is not melted on 
the bottom while the top part is still solid. Many 
pots are cracked in this way. Practically all 
large users keep their pots hot over night and 
through the week-end shutdown, and have found 
that the cost of the fuel is absorbed by the saving 
in wear and tear on the container. Much greater 
freedom of design is allowable in the case of pots 
which are not frequently cooled to room tem- 
perature, and the inhibitions mentioned in a pre- 
vious paragraph do not apply with such force. 


Three AHoys Favored 


Nickel-chromium alloy pots have been used 
with varying success for a number of years. 
'here seems to be very little information as to 
the intensity or amount of attack on these alloys 
by salts ordinarily used in heat treating this 
refers to actual chemical solution of one or all of 
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on Outside of Pot 
Caused by Reaction Between Hot Gases and 
Combustion 


the alloy constituents by the molten salt itself. 
At any rate this chemical solution is never the 
cause of premature failure. It is well known that 
conditions at the surface of the bath are different 
and ordinarily more severe than those existing 
under the surface. The influences of the atmos- 
phere, scale and oil floating on the bath, scum 
or slag all have a bearing 
upon corrosion of the con- 
tainer along the surface of 
the liquid. 

An imperfect seal be- 
tween the rim of the pot 
and the 
sults in seepage of molten 


furnace often re- 


salt into the combustion 
chamber. 


to electrical 


This is ruinous 


resistors, and 
also has its effects on the 
pots set in the furnaces. 
Products of combustion, 
particularly 


water vapor, usually form 


oxygen and 
very corrosive compounds 
with the fused chlorides 
and carbonates of the mol- 
ten salts, resulting in very 
rapid corrosion and prema- 
ture failure of the con- 
tainer. A typical illustra- 
tion is given in the view on 
this page. 

Chamber Evidence has been sub- 
mitted by H. Klouman in 
Chapter 19-A of “The Book of Stainless Steels” 
of selective corrosion of nickel-chromium: salt 
pots, yet there is a distinct likelihood that such 
corrosion is caused by molten salt penetrating 
into hidden shrinkage cavities in the casting. 
Practically all premature failures of alloy pots 
are caused by corrosion of small areas, indicating 
physical rather than metallurgical defects. Pots 
which have furnished normal life are usually cor- 
roded more or less evenly at the bath line until 
See the last group of pictures. 
have been 


failure occurs. 


Claims of exceptional service 


made for various special compositions of 
the nickel-chromium alloy 
probable that these claims were based on the 
performance of individual castings that were 


There is no 


system, but it is 


free from physical imperfections. 
evidence that major variations from the time- 
tested, standard, heat resistant alloys are of par- 
ticular value in this field. The majority of the 
castings in use today as containers of molten 
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salts and lead is made of 35 to 40% nickel, 15 to 
20% chromium, balance iron; or of 60 to 65% 
nickel, 12 to 15% chromium, balance iron — with 
the former alloy accounting for most. Many con- 
sumers who have used both alloys over a period 
of years are convinced that the higher nickel 
alloy, in spite of its greater initial cost, is the most 
economical one to buy, and our service records 
indicate that they are correct. 

A large number of furnaces use oil as fuel, 
and for these there has been a recent trend to- 
ward the use of pots made of one of the higher 
chromium alloys, chiefly those in the range of 25 
to 30° chromium, 8 to 10% nickel, balance iron. 
This alloy stands up very well in atmospheres 
high in sulphurous gases, but has some inherent 
disadvantages which are lacking in the higher 
nickel alloys. For example, it is not nearly so 
resistant to thermal shock, and unusual care must 
be taken to avoid rapid heating and cooling, 
otherwise cracks will develop. 

Conflicting statements of the life of castings 
are obtained from users of alloy pots. Consumer 
A, who uses alloy I, claims wonderful service 
from the castings, while Consumer B, who has 
also used alloy I, says it is very poor, and that 
he has found alloy II far superior, although the 
chemical composition is practically identical. 
The natural conclusion, to a disinterested person 
who knows all the factors involved, is that A 
has had physically sound castings from the man- 
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Pots Made of Same Alloy in Identical Service. One at left 
failed rapidly due to pitting corrosion at concealed casting 
defect; the one above failed after long service by 
uniform corrosion and general thinning at shore line 


ufacturers of alloy I, while B has not. A has been 
lucky, and the probability is that some day he 
will receive a lot of unsound pots made of alloy 
I, and immediately change his mind about the 
suitability of its composition, whereas the actual 
reason for failure is the presence of physical de- 
fects not visible on the surface of the casting. If 
there is a flaw in the container which in short 
time allows the contents to leak through, the con- 
tainer is worthless, regardless of its composition. 

Harmful defects found in alloy castings are 
(a) shrinkage cavities, (b) blowholes, (c) cracks 
and (d) sand or slag inclusions. Many of these 
defects, if visible on the surface, may be repaired 
by removal and subsequent welding, although 
major welds should never be made on liquid con- 
tainers. Remarkable improvements have been 
made in the welding of high alloy castings, yet 
the service in some installations (including pot 
furnaces) is so severe that even the slight differ- 
ence in physical properties between a large 
welded area and the surrounding casting may re- 
sult in early failure. 

Careful visual inspection will discover al! 
surface defects, and experience dictates whether 
these defects can be successfully repaired, or 
whether they are of such nature that the casting 
should be scrapped. Regardless of the care taken 
in production, however, and of the skill of th 
workmen, some castings are produced which co! 
tain harmful interior imperfections invisible | 
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surface. The possible extent of these hidden 

ets, together with the reasons for their exist- 

». has been described by the writer in Mera. 
cress for December, 1934, and June, 1935. 

It is not my intention to infer that a large 
centage of alloy castings are unsound. Yet 
ry large user knows that, regardless of the 
egrity and good intentions of the alloy manu- 
focturer, there is produced a certain number of 
castings which fail to give the expected service. 
In order to segregate such castings it is necessary 


t 


a 


P 


to X-ray all castings produced for severe service, 
where early failure will result in heavy loss. 
Experience gained over a period of two years 
of constant use of the X-ray in inspecting alloy 
pots, together with checking of service records 
against the files of radiographs, forces the con- 
clusion that castings of this nature must be very 
nearly perfect to give long life in service, and that 
the composition of the alloy is of considerably 
less importance than the physical soundness of 


the casting. 


MERICA, EVEN IN THESE, THE 
thrifty thirties, is still a pretty satisfactory dwell- 
ing place, when we stop to consider how unsatis- 
factory (in retrospect) it must have been in the 
gay nineties, and even at the start of the terrible 
twenties. Then toast was burned in the gas oven 
every morning, and each long-suffering house 
wife patiently heated her flatiron on a stove be- 
fore leaving its delicate brown imprint on some- 
body’s Sunday shirt. The portable kerosene 
stove occupied the place in the bathroom now 
held by the radiant heater, and what few elec- 
trically heated devices were then in use were 
inefficient and short-lived. 

At the turn of the century many experi- 
menters in the electrical industry — then a lusty 
infant — were looking for an alloy 


NI-CR ALLOYS FOR 


ELECTRIC RESISTORS 


rather than heat generation was the aim, and an 
unmistakable step forward was made with the 
use of a 25% nickel-iron alloy. While such “nickel 
steels” had 50 times the resistance of copper, 
their life to burn out a 0.030-in. wire at 1850° F. 
was only about two hours of continuous heating. 
The widespread applications of electric heat, 
with all its attendant conveniences, would have 
been impossible were it not for the development 
and present-day perfection of the nickel-chro- 
mium alloys. The interesting story of this dis- 
covery and its commercial exploitation by A. L. 
Marsh has been clearly told in the May issue of 

METAL PROGRESS. 
Nature exacts severe toll from materials at 
elevated temperatures, and few metals or alloys 
exist which can fulfill her require- 


which would be a good resistor and B Eead D Daten ments. Just why nickel-chromium 
not burn out too quickly. “German ’ +, oe should be able to laugh discreetly at 
silver” was good for low temper- Wilbur B. Driver Co her is an interesting question. As 
‘tures, where current regulation Newark. N. J in many developments in the arts, 
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man made the discovery first, and scholars have 
ever since been trying to find out why it works! 

Briefly, the more important properties which 
a material must have to be suitable for resistance 
heating elements are these: 

1. A conveniently high electrical resistivity, 
that is, one that will permit the use of rod, wire 
or strip of reasonable cross-section with the 
standard voltages available. The higher the re- 
sistivity the smaller the amount of metal re- 
quired, the less it costs and weighs and the less 
space it takes. These factors diminish in im- 
portance as the material is increasingly capable 
of resisting oxidation. For example, platinum 
does not oxidize at any temperature, and 
although a metal of relatively low resistivity, 
wouid be ideal for heating elements were it not 
sO expensive. 

2. A low temperature coeflicient of re- 
sistivity, and one that is approximately constant 
from room to operating temperatures. In other 
words, it should have only a slight and constant 
increase in electrical resistance with rising tem- 
peratures. 

3. Resistance to oxidation and to scaling at 
temperatures above a red heat. This is the prime 
requisite for a resistor to generate heat (unless 
it perchance is to be used in an inert or protective 
atmosphere of some kind). Heat is best trans- 
ferred by radiation, and this factor is of minor 
importance until the element glows hence the 
operating temperature of the element must be 
high, even though the process (such as toasting 
bread) goes forward at a relatively low heat. 

1. A comparatively high melting point, and 


a narrow melting range. Operating temper 
are limited for any application to a maxim 
closer than 250° F. to the melting point 
alloy. For service at 2100° F., therefore. {| 
suitable materials are those that have a \- 
plete freezing point” higher than 23: 
2100° F. This allows some margin of 
the event that the resistor should be overheaicd. 
or the line voltage should fluctuate. 

9. Good properties at high temperatures. 
such as sufficient strength to resist sag or creep, 
toughness to resist mild accidental shock, si).}| 
coefticient of expansion to resist thermal shock o) 
rapid fluctuation in temperature, the absence of 
pronounced grain growth, and of permanen! 
crease in length. 

6. Ability to manufacture to rigid specitica- 
tions, and be drawn into fine wire of excellent 
surface or be rolled into thin ribbons. This also 
includes enough ductility to withstand severe 
forming operations in the cold state. 

7. Reasonable cost. 


Various Resistors Now Available 


As before noted, resistance materials were 
not at all satisfactory until 1906 when A. L 
Marsh patented the family of nickel-chromium 
alloys containing more than 75‘ nickel and less 
than 25’, chromium. Today such alloys and 
their iron-containing modifications, by virtue of 
their peculiar suitability, have been accepted as 
standard for heating element service. 

Their position, however, is being attacked 


by the iron-base alloys, notably iron-chromium- 


Date About Interesting Electrical Resistors 


| 
Typical Temp. Begins |Strength| Growth | 
Composition | $/St8NC8 | Coefficient| \to Melt | at High \at Working 
/ 
[Per Cent) © | Pe Below Temp. Jemp. | 
Low temp. resistors | 
Nicke/-silver 18 Ni, 60 Cu,22 Zn 790 0.000/ 1 850 | 20350 Poor \Considereble| Lon 
Nicke/ stee/ 25 NW 75 Fe 0.0007 7100 | 2650 fair \Considereble| Low 
upron 45 Ni, 55 Cu 294 0.000006 950 | 2350 Good Slight 
Nicke/-chromium 80 20 Cr 650 0.00006 2100 | 2540 | Excellent Sight 
60 Ni, 15 Cr, 25 Fe 675 0.00007 | 1830 | 2460 '\Excellent| Slight Me 
Low nickel 30NMi, 20Cr, 50 Fe 600 0.00017 1560 | 2550 Good Slight 
£8 Cr, 72 Fe 400 0.0006 1750 | 2375 Poor | Considereble 
lron-chromium- 60 Fe,15Cr, 5A/ 750 0.00005 | 2100 | 2910°| Poor | Excessive 
aluminum 68fe,27Cr, SA/ 850 0.00002 | 2275 | 2780 | Poor | Excessive 
55 Fe, 7000 0.00012 2600 2850 Fair Va in.per ft. 
67Fe, 25Cr,5A/, FCo 900 0.000035 23575 | 5000 Poor Excessive 
Molyboenum 35 0.0022 1300 | 65/0 Good Slight n 
Pistinum 72 0.0021 F790 | 3190 Good Slight 
Ss 
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inum in various proportions either with or 
ut cobalt, mostly of foreign but some of 
These 


\,orican invention and manufacture. 

alloys are higher in resistivity than the con- 

onal nickel-chromium combinations, have 
rently a very much lower temperature coef- 
t of resistivity, and are often more resistant 

sidation and scaling at higher temperatures. 
However, their usefulness is markedly circum- 
scribed by one or more disadvantages which will 
At present, it is doubtful that 
heating 


noted later. 
their challenge to 
clements can be a serious one except at tempera- 
tures clearly beyond the 20007 F. safe limit for 
(It is, of course, possible that 


nickel-chromium 


ickel-chromium. 
(he future may bring modifications and improve- 
ments.) Also some of them have properties that 
favor their use at high temperatures where they 
do not carry much electrical current. 

Compositions of various materials which 
have been, or are in use as resistance wire or rods 
for electric heating, are contained in the table, 
and an indication of the manner in which each 
meets the previously listed requirements. 


Nature of Oxide Coatings 


It would take us too far afield to present an 
adequate discussion of the question why some 
metals resist oxidation at high temperatures, 
especially since the latest thought on this mat- 
ter has been outlined by Messrs. Heindlhofer and 
Larsen in Merar ProGress last September. It may 
be said that the noble metals, such as platinum, 
do not form a scale because if any oxide did 
form it would immediately dissociate, the oxy- 
gen pressure (dissociation pressure) of the oxides 
being greater than the oxygen pressure in the 
atmosphere. All the base metals do form stable 
oxides that is, those whose oxygen pressure 
of dissociation is infinitesimal, far less than the 
Whether 


such metals are oxidation resistant, therefore. 


oxygen pressure in the atmosphere. 


depends on the nature of the oxide coating which 
must form. Likewise the oxide must not evapo- 
rate (like tungsten’s or molybdenum’s) and leave 
vare metal behind, or have a low melting point 
ind drip off (like iron oxide at white heat). It 
should, to be protective, be continuous, relatively 
mpervious to oxygen, cling tightly, and have 
‘bout the same coeflicient of expansion as the 
metal itself, 

The “protectiveness” of a metallic oxide may 
ierefore roughly be defined as its ability to ob- 
‘ruct the course of further oxidation, and espe- 
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cially to retard the rate of wastage, whether the 
heating be continuous or intermittent. It has 
definitely been shown that the ability of an oxt- 
dizable pure metal to resist progressive oxida- 
tion is a function, not of any chemical property 
of the metal itself, but of the physical character- 
istics of the oxide formed. In those metals that 
are protected, the rate of oxidation decreases as 
lime goes on. As the oxide forms it offers in- 
creasing impedance to the further diffusion of 
oxygen to the unoxidized metal beneath. In gen- 
eral, it may be said that the metals with protec- 
tive oxides are those whose oxides occupy a 
greater volume than the metal they replace. 
According to Pilling and Bedworth these 
relatively simple 
mathematical expression for pure metals. If W 
be the molecular weight of the oxide, and J) its 
density, and if w be the formula weight of the 
metal and d its density, then Wd: wD will be 
greater than 1.0 for metals whose oxides are pro- 
tective, and less than 1.0 for those whose oxides 
Actual calculation gives the specific 


facts may be reduced to a 


are porous. 


values below. 


Sodium 0.32 Zine 1.59 
Potassium 0.51 Nickel 1.68 
Lithium 0.60 Copper 1.70 
Strontium 0.69 Iron 2.06 
Calcium 0.78 Manganese 2.07 
Magnesium Cobalt 2.10 
Aluminum 1.28 Tantalum 2.10 
Cadmium Silicon 2.20 
Tin 1.33 Tungsten 3.30 
Zirconium 1.55 Chromium 3.92 


Thus, we have available a rough method of 
predicting which of two classes of oxidation a 
pure metal will undergo, whether the oxide will 
“build up” protectively and retard the subsequent 
rate of oxidation or whether scale will form and 
continue forming at the same rate as time goes 
on. The figures given, however, yield no exact 
indication as to the extent of the protectiveness, 
and in truth, the factors that determine the rela- 
live abilities of the protective oxide-forming 
elements to resist oxidation are not completely 
understood. We do know, however, that nickel 
is more resistant than iron, and that a few per 
cent of chromium, silicon, or aluminum, when 
added to them, may increase their oxidation re- 
sistance several hundred fold. 

While 
metals, it is true that the properties of pure 
metals are frequently conferred on alloys made 


these observations apply pure 


of them. Thus it is that chromium successfully 
inhibits the oxidation of iron when alloyed there- 
greater extent of 


with. This is true to an even 
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Bright Annealing in One of Its Most Difficult and Precise Forms Must Be 
Practiced on Heavily Cold Drawn Nickel-Chromium-lron Alloy Wires 


chromium alloyed with nickel. Chromium itself 
is oxidized quite readily and the oxide formed 
tends to surround the unoxidized particles of 
iron or nickel and protect them from oxidation. 
At the same time, the chromium oxide, because 
of its greater volume, tends to fill any voids and 
so slows up the diffusion of oxygen to the inner 
layers of metal. 

With respect to the path of oxidation, Smith- 
ells has shown in his book, Impurities in Metals, 
that such diffusion of oxygen during the life of 
a resistance wire takes place along the grain 
boundaries — regions of impure or disorganized 
crystalline material which are preferentially at- 
tacked. The importance of purity and grain size 
in slowing up oxidation should therefore be 
noted. It is a fact that carefully made nickel- 
chromium alloys, which are solid solution alloys 
whose crystal structure closely resembles that of 
an austenitic steel, possess little or no impurities 
or insoluble constituents at the grain boundaries. 
In contrast to this the ferritic, iron-base, heat re- 
sistant alloys do not have equal solvent power for 
many of their minor constituents, which appear 
at the grain boundaries with damaging effect. 

Where intermittent heating is a part of the 
service requirements, as it almost always is, the 
resistance of the metal to scaling depends to a 
considerable extent on the coeflicient of thermal 
expansion of the oxide. The closer the oxide’s 
coeflicient of expansion is to the alloy’s, the 
greater will be the resistance of the scale to flak- 
ing or cracking during repeated heating or cool- 
ing in operation. It is characteristic of nickel- 
chromium that the oxide formed possesses a 
coefficient of thermal expansion which approxi- 
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mates fairly closely that of the original alloy. 

Having in view the above considerations, and 
turning again to the tabulation of commercial re- 
sistors, only the nickel-chromium and the iron- 
chromium-aluminum alloys may truthfully be 
said to be of first class as regards resistance to 
oxidation and scaling. 

(Platinum is in a class by itself. 
it is the best heating element, notwithstanding 
the inconvenience attendant to its low resistivity, 
and is used in small devices which must produce 
so high a temperature that nothing else will do, 
regardless of expense. Molybdenum finds appli- 
cation at very high temperatures, but can only 
be used in protective atmospheres.) 


Physically 


Ni-Cr Versus Cr-Al 


Experience of some years with three of the 
iron-chromium-aluminum family of alloys has 
shown that, in spite of the claims made, they do 
not stand up quite so well in service at 20007 F. 
as do the nickel-chromium alloys, especially the 
improved 80 Ni, 20 Cr alloys. It is true that these 
particular iron-base alloys possess great resist- 
ance to oxidation at even higher temperatures, 
but an unfortunate feature is their excessiv 
grain growth after prolonged use at high temper- 
atures. If this happens to resistance wire, it is 
manifested by brittleness, a permanent increas 
in length of the element, which as time goes 00, 
increases the electrical resistance, decreases |!i¢ 
wattage and the temperature of the unit at 
stant voltage. 

Another unfortunate feature of the ir 
chromium-aluminum alloys with or without 
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as compared to nickel-chromium alloys, is 


ba 
the ower strength at high temperature possessed 
by former. In service this results in sagging 


yonever the element is not completely sup- 
At 2000° F., for example, a chromium- 


yorted. 

‘ Juminum alloy will have a tensile strength 
not greater than 1500 psi., whereas nickel-chro- 
mium at the same temperature may sustain a ten- 
sion of over 6000 psi. without breaking. 


(he presence of large amounts of aluminum 
in the complex alloys, while largely responsible 
for their excellent oxidation resistance, reduces 
the ductility of the cold material to a very low 
fivure. Thus, the elongation of the iron-chro- 
mium-aluminum-cobalt alloy, as delivered, av- 
erages 14% in 10 in., whereas the elongation of 
annealed nickel-chromium alloy may be as high 
as 35¢-. For this reason, the former alloys are 
rather difficult to fabricate in the cold state, and 
tend toward brittleness unless great care is taken 
in all stages of processing. Shapes are difficult 
to form and helical coils made of such alloys do 
not possess the perfectly bright, smooth surface, 
and the even “stretch” characteristic of nickel- 
chromium coils. 

The alloy containing 55% iron, 3742°% chro- 
mium and 744% aluminum has recently been put 
on the market by an organization of outstanding 
ability and was described by S. L. Hoyt, one of 
the patentees, in Metrat Progress for July. No 
doubt it is an improvement over former alloys of 
this family, but even Dr. Hoyt does not claim any 
great amount of ductility for the material, noting 
that it is hot rolled or swaged to 8-gage rods, and 
then hot formed into serpentine bends or helixes 
required for the application. It is probable that 
the new alloys will be most effective at tempera- 
tures above the safe limit for nickel-chromium 
resistors, as for heating forge furnaces, heat treat- 
ing high speed steel and in burning ceramic ware, 
and thus come into direct competition with non- 
metallic resistors of the silicon carbide type. 
Even here there is a serious problem to be solved 
in the production of inexpensive refractories 
which will offer proper support to these hot ele- 
ments and not soften under the heat or react with 
the metal and damage its characteristics. 

We may also quote what Prof. M. A. Hunter 
of Renssalaer Polytechnic Institute says about the 
‘ron-chromium-aluminum resistor alloys in The 
Look of Stainless Steels, page 510: 

“These alloys are finding applications in sit- 
vations where high resistances are required in 
‘he minimum of space —for instance, radio re- 

stances at room temperature. They can operate 
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satisfactorily, too, at high temperatures because 
the alloy resists oxidation to a marked degree. 
They do not resist sagging and deformation as 
well as the nickel-chromium alloys, although 
they have a markedly higher electrical resistance 
and can be operated at a higher temperature. By 
reason of their high content of aluminum, they 
are more diflicult to draw than nickel-chromium 
alloys. In spite of this they are being drawn for 
radio service to wires as fine as one mil.” 

The foregoing statements are not meant to 
be a sweeping indictment of the iron-base chro- 
mium-aluminum alloys, with or without cobalt. 
On the contrary, they constitute a most useful 
group, and should find considerable application 
for (a) heating elements operating at tempera- 
tures greater than 2200° F.. where the cost of 
platinum would be prohibitive; (b) heat resist- 
ant applications not involving the passage of elec- 
tric current through rod, wire or strip of the ma- 
terial; and (c) resistance elements not used for 
heating purposes, where their high electrical re- 
sistance makes possible to the equipment de- 
signer a considerable saving in space. For most 
industrial and domestic heating applications, 
however, nickel-chromium, because of its excel- 
lent heat resisting properties, its mechanical 
stability at high temperatures, and its efliciency 
and convenience should be found more suitable. 


For High Temperature Resistors the “Life Test’ Must 
Be Made in a Manner Agreed to by the Various Manu- 
facturers and Embodied in an A.S.T.M. Specification 
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ALLOYS GOOD 


NGINEERS AND DESIGNERS OF ELEC- 
tric furnaces and other electric heating units who 
are demanding higher temperatures and more 
compact units will be interested in a= group 
of chromium-aluminum-cobalt-iron alloys first 
noted in Merat Progress in December, 1931. Ex- 
perience with them in European countries has 
been excellent. Although they are of an entirely 
different analysis from the nickel-chromium or 
nickel-chromium-iron alloys commonly used for 
electrical resistors, in what follows comparisons 
will be made to the 80-20 Ni-Cr alloy to establish 
the relative values. 

This new group of alloys is known as Kan- 
thal. They are useful for resistance purposes at 
medium and high temperatures and consist of 
chromium, aluminum and cobalt totaling about 
39°7, the remainder being almost pure iron. No 
nickel is used, and the properties and structure 
are considerably different from the nickel-chro- 
mium. (Editor's Note: The Kanthal family con- 
tains the analysis noted by Mr. Peters in his arti- 
cle immediately preceding as 25‘, Cr, Al, 3% 
Co, balance iron. This differs from the alloy de- 
scribed by Dr. Hoyt in Merat ProGress for Aug- 
ust, which contains no cobalt and about 37.5° 
Cr, 7.5'. Al, balance iron.) 

The alloys were originally developed with 
the idea of making resistance materials of less 
expensive metals and for operating temperatures 
much higher than possible with nickel-chro- 
mium. The first commercial installations were 
in electrical furnaces and the use has now in- 
creased to include all types of electric heating 
units, domestic and industrial, 
large and small. The percent- 
ages of chromium, aluminum 


By Gunnar Nordstroem 


( thief Enaineer 


TEMPERATURES 


ABOVE 2100° F. 


Furnace for Firing Ceramic Parts at 22007 F. Operate 
Swedish General Electric Co. since February, 1933, u 
failure of ribbon resistor units in side walls, hearth 


operating at increasing temperatures, thus: Alloy 
D, 2100° F.; Alloy A, 2375° F.; Alloy A-1, 24507 F. 

A large number of life tests have been mad 
at all useful temperatures. Apparatus and meth- 
ods used for this work are identical with that 
recommended by the American Society for Test- 
ing Materials (specification B75——35), except 
that at high temperatures the wires are subjected 
to no other load except their own weight. Aver- 
age results from several hundred tests produced 
the graph on the next page. 

The specific resistance is considerably highe! 
than in nickel-chromium, and for the thre 
grades is as follows: Alloy A-1, 872 ohms pe! 
circular mil foot; Alloy A, 837 olims; 
Alloy D, 812 ohms; and for SU 


nickel, 20° chromium, 650° ol: 


and cobalt are varied to produce Altiebolaaet Kanthal The temperature versus resistanc' 
three grades suitable for safe Eee Soaden curve is almost a straight line, s!\p- 
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Ternpersture , F. 


19900 2000 2100 £200 2300 2401 
T T TT T 


1150 11200 1Z50 


Tempersture , °C. 
Average Results of a Number of Life Tests Following 
A.S.T.M. Standard Practice at Various Temperatures 


1000 1050 1100 1250 


ing upward very slowly. Resistance increases 
only 1% at 650° F.; 2%. at 1000° F.; 3¢0 at 1475 
at 1650° F.; 5% at 2000° F.; and for 
Alloy A at 2375° F. 

Specific gravity is lower than for nickel- 
chromium alloys, being 7.15 instead of 8.35. 

Many early diflicullies were experienced in 
cold rolling and drawing, but these have now 
Ribbons are the usual form 
used for high temperature furnaces, wires of 


been surmounted, 


proper size for industrial and domestic heating 
clements. Wire is drawn as fine as one mil. 

Tensile properties of drawn wire in medium 
size are as follows: Elongation in 10 in., about 
It. and reduction of area about 61.. Tensile 
strength falls off sharply on heating, thus: 70° F. 
110,000 psi.; 129° F. 15,200; 1650° F. 4,200; 2010 
P1520 and 2375° F. 380 psi. 

Due to this reduction in tensile strength at 
high 


lemperatures, it is necessary to provide 


proper support for elements. Corrugated ele- 


nents hanging from knobs on the sides of the 


furnace are not suitable above 2000° F. as the 
clement can elongate by its own weight. The 


ost satisfactory construction is when the ele- 
ment is laid in troughs or shelves (as shown in 
the half tone) formed by protruding ends of 
header brick. 


ike a sine curve, and presents a broad surface 


In this view the ribbon is wavy, 


or radiation. Similar wall construction would 


suitable for helical coils of wire. 
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A typical roof construction for such furnaces 
would require inverted T-brick projecting down- 
ward to form rather broad recessed slots in the 
roof, and in these slots would be placed the strip 
into a series of 


bent reversed “hairpins,” the 


bends resting on the brick. This exposes one 
edge of the ribbon downward toward the work 
to be heated. 

Welded terminals can best be made by the 
flux. Most 


with the alloy at high temperatures and produce 


carbon are without fluxes combine 
undesirable after-effects. 

For service at temperatures above 2000° F., 
the bricks should be a high quality refractory 
made of pure alumina or sillimanite, free from 
quartz and iron oxide. Bricks of ordinary fire- 


clay, covered with a burnt-on layer of pure 
alumina where they come in contact with the hot 
metallic elements, are excellent. 

The furnace shown at the head of the article 
is rated at 70 kw. and was built by the Swedish 
General Electric Co. It has been in operation 
since February, 1933, for the firing of ceramics 
The ele- 


ments are made of *, x 0.080-in. strip, corrugated 


at an average temperature of 22007 F, 
and placed on edge, as described above. Inside 
dimensions of the furnace are 40 in. wide by 65 
in. deep by 42 in. high. The surface load on the 
clements is 8 watts per sq.in. 

Similar furnaces have been operating at the 
same and higher temperatures since 1932 in sizes 
up to 300 kw, per furnace without one failure of 
the elements. A number of these are used for 
the treating of austenitic stainless steel. Others 
are forging, enameling and pot type furnaces. 

Since these allovs are now drawn = and 
rolled in the same sizes as nickel-chromium (in- 
cluding the smallest wire and ribbon) they are 
widely used in Europe for domestic appliances, 
particularly where quick boiling of water is de- 
sirable. By taking advantage of the high specific 
resistance and high surface load, it is possible 
to manufacture very compact and high capacity 
units. The alloys have the quality of retaining 
a constant resistance after long use, which is 
particularly valuable in a domestic unit where 
reduction of wattage destroys its usefulness. 

Consequently this family of alloys will open 
a new field for builders of furnaces, domestic 
appliances and electric heating units of all types. 
The use of higher element temperatures and 
higher watt densities combined with higher spe- 
cific resistance and lower specific gravity should 
permit electric heat to replace other mediums 
where they have not been entirely satisfactory. 
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LARGEST 


EXHIBITORS 


IN OUR LINE AT THE 


STEEL SHOW S— 


OST of the old timers in the 


M heat treating game have taken 


in one or more of the A.S.S.T. 


and A.S.M. annual Steel Shows, many 
have seen them all. They will tell 
you that no alloy company at any 
time during the past sixteen years 
ever showed a third as many castings 
as General Alloys have shown every 
year. General Alloys’ exhibit always 
includes scores of Q-Alloy and X-ite 
castings borrowed from the largest 
alloy installations in the world, with 
full service records. 


The unparalleled experience of this or- 
ganization as the oldest and largest 
exclusive manufacturer of heat and 
corrosion resisting castings is at your 
disposal for the solution of your prob- 
lems whether you require the simplest 
heat treating containers or furnace 
parts or the most exacting corrosion 
and heat resisting alloy mechanism. 
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GENERAL ALLOYS 
THE 


General Alloys are going places, doing things, operating 24 hours a day, meeting the 
demand for Q-Alloys, X-ite, heat and corrosion resisting castings—-but we have only 
started. Our new developments in design, metallurgy, foundry practice, on which 
General Alloys leadership takes another long stride, are just being released and they will 


obsolete hundreds of presumably modern alloy installations of many types. 


Those depression years are good years for all of us. They made us think and work 
harder than ever before to give you better alloy castings,—and even tmore important 


to develop designs that save time and money in your processes. 


General Alloys is on the march—get in step with progress! 


P. S.—See you at CHICAGO 
National Metal Exposition, Sept 30 — Oct. 1-2-3-4, 1935. x 


OCTOBER, 1935 


71 


| 
i | 
| 
ONZ7ECUTIVE 
at UF 
- 
art AND UP > ‘ 
ake 
Ail 
& 


72 


QUALITY CASTINGS 


METAL PROGRES 
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X RAYED CASTINGS FOR 
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PEPROGRESS IMPELS 
VARA Y INSPECTION 


Carburizing retorts ... muffles ... lead 


_ 
‘ 


pots... salt pots... cyanide pots... why 
take a chance on quality when it is just 


as easy to eliminate all guesswork? 


Specify THERMALLOY... and 
get castings which are LOOG% 
X-RAY INSPECTED. 


Keep abreast of Alloy Progress 


by specifying 


Visit our booth K-15 
at Chicago 


ALLOYS CO. 
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Should Have These Book- 


for Your Library 


Published by the American Society for Metals 
these books contain sound, practical information 
that will aid you materially in your daily work 
and will make a fitting addition to your library. 


The Book of Stainless Steels—Thum, E. E. 

600 pages, 6x9, 200 ill., cloth................. $5.00 
This book describes the properties of principal types 
of stainless steels. The manuscript was specially pre- 
pared by 75 leading authorities. Includes chapters by 
experts in consuming industries telling of successful 
applications. 


with electrical resistance from 35% to 


10% higher than nickel-chrome alloys. 


KANTHAL 
TOPS THEM ALL! 


A new Metallic Electrical 
Resistance Alloy 


for 


Heavy Duty electrical furnaces 


Quenching of Steel—French, Herbert J. 

172 pages, Gx9, 106 ill., CIOTM..... $2.50 
Characteristics of various cooling media (coolants) dis- 
cussed at length. Cooling properties for center and 
surface cooling of steel are treated quantitatively. 


The Constitution of Steel and Cast Iron—Sisco, Frank 

332 pages, 6x9, 105 ill., cloth........... $3.00 
A well grounded book that meets the demand for a 
fairly elementary discussion of the theory of the con- 
stitution and heat treatment of steel and cast iron. 


Inclusions in Iron and Steel—Wohrman, C. R. 

162 pages, 6x9, 138 ill., cloth................ $3.00 
Comprehensive study of inclusions in ferrous metals in 
which the inclusions are definitely known. 


Lectures on Steel and Its Treatment—Keller, John F. 

267 pages, 6x9, 166 ill., cloth............ ee 
The mysteries of the behavior of iron and steel ex- 
plained by a practical man, who is a blacksmith by 
trade. 


‘operating at extremely high 


ars > Nitriding Symposium—By Several Leaders in the Field 
ee : \ pplia nees where maximum Nine papers by leading researchers, covering the proc- 
ess in production and laboratory. Heating cycles 
‘nel oa % heat is required quickly. proper and improper nitriding conditions, control of ~ 


ammonia gas, proper steels and service results of prod- 
ucts are discussed at length. 


Principles of Steel and Its Treatment—Bureau of 
Standards 

93 pages, 6x9—paper $1.00, cloth......... ee 

A concise treatise on the heat treatment of steel, ex- 

plaining terms used and the results obtainable 

Twenty-paged comprehensive bibliography of both 

books and periodicals is appended. 


ERY 


Heat Treatment, Properties and Uses of Steel— 
Knowlton, H. B. 

A comprehensive book devoted to the treatment and 

processing of all types of iron and steel, emphasizing 

shop problems and selection of the vroper steels. 


The Application of Science to the Steel Industry— 
Hatfield, W. H. 

154 pages, 6x9, 35 ill., cloth... $2.50 
Review of English steel making, manipulation and 
treatment, special steels, corrosion and acid resistin; 
steels, effect of temperature on steels and tool and 
cutlery steels. 

Prices include postage in U. S. A. 


Add 50 cts. for foreign delivery 
Sent on 10-day approval 


Write for new Handbook on 


Kanthal Alloys. 


EXCLUSIVE RIGHTS TO SELL AND 
REPROCESS KANTHAL IN 
U.S. GRANTED TO 


THE C.0.JELLIFF MFG.CORP. 


SoutHport,Conn. 


AMERICAN SOCIETY for METALS 


7016 Euclid Avenue Cleveland, 0 
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PATENTED METHOD 
of ATTACHING 
TRUNNIONS 
MULTIPLIES STRENGTH 


\ustrated above is the Michiana 
potented method of attaching 
‘unnions to @ cylinder, Funnel- 
‘oped end of trunnion is made 
closely into cylinder. End of 
‘y oder is slotted for swaging 
trunnion end. All seams ore 
electric welded making not 
2 neat looking job but one 
_'y superior strength and serv- 
oility compored with the 
‘ary method. Ilustration is of 
nbly before swaging and 
welding ore completed. 


PERFECTION IAP 
RI ACE and of STRUCTURE Heat- Resistant and 

MICHIANA 
CENTRIFUGAL CASTING 


ICHIANA metallurgists are constantly improving the art of alloy 
casting. Every year, Michiana Castings are improved in surface, 


structure, performance. 


The roll for steel normalizing furnaces shown above is an example of 
a recent Michiana advance. The barrel is cast on the Michiana Centrifugal 
Casting Machine which makes possible a far better surface than could be 
obtained by any other method—perfect surface being advantageous in 
this instance to avoid scarring the steel sheets as they pass over. Uniform 
structure through and through is assured by Michiana centrifugal casting. 
And a new patented method of attaching the trunnions multiplies the 
strength of the roll. 


The Michiana method of centrifugal casting will make similar improve- 
ments in surface and structure of any tubular-shaped product— pots, re- 
torts, cylindrical liners, tubes, etc. And Michiana ingenuity is constantly giv- 
ing customers unlooked for superiorities in strength, efficiency, and service. 


Let the Michiana organization be responsible for your castings which 
are special in the heat or corrosion they must resist or in the close toler- 
ances to which they must conform. 


MICHIANA PRODUCTS CORPORATION 
MICHIGAN CITY, IND. 


E. E. WHITESIDE 
1219 St. Clair Ave. 


PAUL S. MENOUGH 
Chamber of Commerce Bidg 


L. H. WHITESIDE 
80 East Jackson Blvd. 


T. G. FRAZEE 
Petroleum Bidg 


Chicago, Ill. Cleveland, Ohio Pittsburgh, Pa. Houston, Tex 
W. B. COOLEY Cc. M. CONNER A. A. CASH JOHN R. GEARHART 
433 North Capitol Ave. 1701 Arch St. 2842 W. Grand Bivd. 600 Fallon Street 


Indianapolis, Ind. Philadelphia, Pa. Detroit, Mich. Oakland, Calif 
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They are still GOOD Carburizing Boxes 


Hours 


e Afier_30.000 Hours 


e Afiter_3O.000 Hours 


Look for “NICHROME,” “CHROMAX” and “CIMET™ at 


the National Metal Congress, Chicago, Sept. 30 to Oct. 4, 1955 


Made by DRIVER-HARRIS COMPANY, HARRISON, 
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ervice 


Three installations of 
PYRASTEEL 
carburizing boxes 
made in 1928—one 
still going — two re- 
cently replaced on re- 
order. 


cost per 
heat hour is 


Unexcelled for... 
Lead, Salt and 
Cyanide Pots. 


CHICAGO STEEL FOUNDRY CO. 


Kedzie Avenue and 37th Street Chicago, Illinois 


Makers of Alloy Steel for twenty-five years 
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CALITE CRADLES 


Sri Notice the LOAD—a light one for this fur- 

nace—yet no sagging of the supports — 

Pe reason —high creep strength CALITE AL- 
LOY. Operated 2 turns for six years. 


CALITE 
ROLLER HEARTH 


CALITE ROLLERS have been 
operating in this heat treating CALITE Cradles charging a 50 ton Annealing Fy, 
furnace, carrying heavy billets 
2-8" thick, 2 turns daily for six 


years. 


WHY GUESS? 


Full CREEP STRESS data (1400°- 2000° F.) and HIGH CREEP STRENGTH of certain 
CALITE ALLOYS enable the furnace engineer to design mechanical alloy parts with 
oS assurance. All creep stress data determined on specimens cut from plate castings by 
Mane * Clark and White, University of Michigan. Send for Bulletin UM775, Report 3-B. 


THE CALORIZIN COMPAN 


WILKINSBURG STATION... ..PITTSBURGH, PA. 
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Castings, 


Centrifugal Force 


As demonstrated in an or- 
dinary milk bottle, the cream is at the top. 
In any fluid, lighter particles in a state of 
suspension rise to the top. Heavier con- 
stituents sink downwards under the action 
of gravity. Molten metals contain minute 
inclusions of lighter impurities that rise 
toward the surface of fluid metal in a station- 
ary mold. They are usually entrapped be- 
neath the layer of metal that solidifies first. 
Their presence is often unsuspected until re- 
vealed by machining operations, and ex- 
perience dictates liberal finish allowances to 
cut away defective areas. Centrifugal force 
will separate constituents of different den- 
sity. Applied to castings, its action is to 
separate heavy alloyed constituents from the 
lighter inclusions comprising slag, sand, 
oxides or gaseous matter, which are impelled 
to the inner surface where their presence is 
of no practical significance and their re- 
moval easily accomplished. MISCO “Centri- 
cast’ Products are formed centrifugally. The 
metal is dense, uniform and sound through- 
out. They are free from shrinks, voids, and 
sub-surface imperfections of any kind. Very 
little machining allowance is necessary, very 
often, none. 


Fury 


Your inquiries are invited. 


Heat and Corrosion Resistant Alloys 


MISCO “Centricast”’ Carburizing Boxes. (Pats. Pending) 


MICHIGAN STEEL CASTING COMPANY 


One of the World’s Pioneer Producers of Heat and Corrosion Resistant Alloy Castings 


1980 GUOIN STREET, DETROIT, MICHIGAN 
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NATIONAL ALLOY 


OXIDATION CORROSION ° 


a3 “ee 


“National” Alloys 


CO., Blawnox, Pa. 


MSION RESISTING CASTINGS | 


Re 

Pes] 


After 


25,000 miles 


of 


service... 


Engaging with Carburized, File-Hard Bull Gears... 


In the files of Horace T. Potts Company, Phil- 
adelphia, are literally hundreds of instances 


of the long service of Elastuf,an oil hardened 


ing, are standing up in trolley car service. 
Their dependability furnishes another in- 


stance of the long wearing qualities of Vana- 


os 7 and tempered chromium Vanadium Steel. dium Steels. 
le The trolley car motor pinion illustrated above We are always ready to discuss your steel 
eee is typical. After 225,000 miles—five timesthe — problems, particularly the difficult ones 
ai average life of pinions made of other steels — where exceptionally severe service is involved. 
ae — it was still in good condition and perform- 
ing satisfactorily. Note the tooth contour and 
f the fact that the surface shows no breakdown. . SAL METAI 
i aie Scores of these Vanadium Steel pinions, 
: machined from Elastuf Type A Heat Treated 
Steel, without heat treatment after machin- 
FERRO-ALLOYS 
of vanadium, 
chrominm, 
and silico-mauga 
“ nese, produced b) the 
hs VANADIUM CORPORATION OF AMERICA Vanadium Corpora: 
120 BROADWAY, NEW YORK, N. Y. ‘by steel makers 


am the production of 
bigh-quality steels 


PITTSBURGH 
Bridgeville, Pa. DETROIT 


Plants at Bridgeville, Pa., and Niagara Falls, N. Y. 
Research and Development Laboratories at Bridgeville, Pennsylvania 


VANADIUM STEELS 


for strength, toughness and durability 


CHICAGO 
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Bourke-White for Ludium Steel Co 


ALLOY AND 
TOOL STEELS 


Progress in This Field, as Recorded in 12 Issues of Metal Progress, Includes 
the Introduction of a Number of Low Alloy Steels for Severe Service 
From Sub-Zero to Elevated Temperatures, and a New High Speed 


Tool Steel Wherein Much Tungsten is Replaced by Molybdenum 
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issociates 


is the result of a groundless fear of upsetting routine 


2 
Q. 
Q 


“inertia” with the ever-debat- 


1lone.” Too often 


recas it new processing kinks 
temy 

Ne tles heads ever have before 
them the vital problems of competition and consumer prefer 
ence. They see clearly the dangers of inertia. But they ars 
not always techniciar Hence ey must look to you — metal 


Stee 
Ameri 
manager are ‘entirely satisfie 
metalluraic progre till be 


“l0-lyb- 


ignore the 


iS 


ing made in alloyed steels. In 


past ten years have witnessed some of the greatest 


vw ne ‘ar } } 
111 advances with Molybdenum steels probably out- 
ranking all other 
nat an! ™ veco - ] 
Moly” not only improves ordinary carbon steel, but actually 
increases other elements’ effectiveness for their particular pur 
poses. This has been proved, times beyond record, in the 
‘ 
laboratory, foundry, factory and under every manner of punish 
ing service conditions. Greater strenath touchn _ 
esistance, less temper embrittlement, easier machinability 
ind many other improvements are present in Moly stes ind 
x 
free too t enlist sur D troit experimental lak Sratorv halr ++ 
y time 1x Molybdenum Co.. 500 Fifth Ave. New York 
| . INDUSTRY’S MOST 
» 


VERSATILE ALLOY 
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ee Don’t let inertia enc b i 
your DUuSINeSS 
Business philosophy act, the 
ysINEss philosophy fact, the 
able policy of “Let well enough this inertia 
Dae : lurgist, engineer, production expert — to share the responsibility 
{ fe r Pr ire in raw materi ind pro dy 
fe aa is the basic raw material of 
} 
Is are many of the more f 
et teel this or that added quality 
engineer ind production 
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QUESTION THAT MIGHT NATURALLY 
arise in the minds of both users and makers of 
high speed steel of the 18% tungsten, 4°. chro- 
mium, 1% vanadium type is: To what extent do 
the variations in technique inseparable from 
ordinary work-shop practice affect the hardness 
of high speed steel that has presumably been sub- 
jected to a specified quenching treatment? 

With the view of answering this question 
the author, some time ago, persuaded a number 
of members of the Ontario Chapter, American 
Society for Metals, to cooperate with him in the 


below, the results of 


investigation described 
which are discussed in some detail. 

A bar of high speed steel of a well-known 
brand, 144 in. wide and ,;y in. thick, was cut into 
eight samples, each approximately 8 in. long. 
These eight samples were slotted to a depth of 
approximately *, in., the slots being approxi- 
mately an inch apart. Each of the eight bars 
were thus divided into eight sections which, sub- 
sequent to hardening, could be broken off if and 
when desired. 
in. bar was somewhat similar to that of a 5¢ 
chocolate bar, which can be so readily broken 


The appearance of the slotted &- 


off, subsequent to purchase, into pieces of a size 
convenient for mastication and delectation. 

The object of cutting the original bar into 
S-in. pieces was to distribute them, after slotting, 
to the different members of the 
group, it being presumed that by 
this means a guarantee would be 
obtained that the eight 1-in. sec- 
tions of each piece would be 
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By Owen W. Ellis 
Director of Metallurgical Researc! 
Ontario Research Foundatior B. 
Toronto, Canada 


THE TEMPERING OF 


HIGH SPEED STEEL 


subjected to almost identical quenching treat- 
ment. It was borne in mind that there might be 
variations in temperature throughout the bar at 
the time of quenching, but it was felt that it was 
far more satisfactory to be sure that the bar had 
been treated as a whole than to deliver eight 
small slugs to each member of the cooperating 
group, these small pieces possibly being treated 
later one at a time. 

In the following discussion of the experi- 
ments the various workers have been given num- 
bers, so that their identity has been lost com- 
pletely, so far as the world at large is concerned. 
Since the experiments were completed, the vari- 
ous members of the group have been notified of 
the numbers that were applied to their pieces, 
but, apart from the author, no one has informa- 
tion regarding the origin of the various samples 
tested, 

(Here it is proper to express appreciation for 
the help given in this work by the eight members 
of the Ontario Chapter of the Society, who under- 
took the preparation of the samples: Messrs. 
Charles Taylor, J. W. McBean, Don. Fraser, Ches- 
ter B. Hamilton, N. P. Petersen, W. O. Oliver, 
W. J. Blair, and H. Smart. To Desmond Hunter, 
of the Ontario Research Foundation, credit must 
be given for his care in drawing the samples and 
testing for hardness.) 

As to the treatments that were accorded the 
samples, it was requested that they be dealt with 
in accordance with the following recommended 
practice of the Society: 

A. Heat 
formly in a preheating furnace 


slowly and uni- 
to a temperature of 1350° F. 
Transfer to a high tem- 


perature furnace maintained at 
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"2350° F., and hold at that temperature 900 
for min. 

C. Quench the steel in oil, making 
a note of the temperature of the oil used. 800 
At the same time, information was 


required of the group regarding the tvpe 


= 
of furnace in which the work was con- % 
ducted. 
Cooperator No, 1 heated his notched gg0 
bar to 13507 F. in an open gas furnace : 
and subsequently transferred his sample & 
to another open gas furnace at 2550° F. g 500 
After 3 min. he quenched the bar in oil 
at 76° F. Reference to the results of the 400 


subsequent tests made on this sample 
will indicate that, despite his belief that 
he had fulfilled requirements exactly, 
he failed to quench from a temperature 
sufficiently high to give the hardness 
requisite in high speed tools for satis- 
factory service. It is of interest to record that all 
the sections in his sample were cracked. 
Member No. 2 preheated his sample in an 
electric furnace at 1350° F. and then transferred 
it to a semi-muffle gas furnace held at 2350° F. 
He quenched his piece in oil at 82.5° F. 
Number 3 did both his treatments in a gas 
furnace of the semi-muffle type and quenched his 
sample in oil at 68° F. Reference to the curves 
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Cooperetors \ 


No. / @ No.5 . 
No.2 0 No.6 4 


No.5 + 
No.4¢ No.8 x 


600 700 800 900 1000 «1200 
Drewn 30 Min. as Indicated, F. 


Hardness Versus Drawing Temperature for a 18-4-1 
High Speed Steel Quenched According to Standard 
Practice in Eight Different Shops, and Drawn 30 Min. 


perature laid down in the recommended practic: 
for heat treatment. Note may also be taken of 
the relatively low temperature of the oil in which 
he quenched his sample. 

Cooperator No, 4 did both his treatments in 
a gas furnace of the semi-muffle type, quenching 
his sample in oil at 78° F. He notified the author 
that he was uncertain whether his sample had 
reached the 2350° F. specified in the recom- 
mended practice. That his surmise was 
probably correct finds some support in 


900 
aN, 


800 


the results of the subsequent tests, as 
recorded on the curves. 

Cooperator No. 5 carried out both 
his treatments in a gas furnace of the 
muffle type and quenched his sample in 


oil at 80° F. 
‘ Number 6 did both his treatments in 
an oil fired muffle furnace, quenching his 


sample in oil at a temperature of 97° F. 
Cooperator No. 7 used a gas muffle 
furnace for both his treatments and oi! 


at 80° F., while No. 8, last but not least, 
exceeded the requirements of the recom- 


mended practice by heating his samp 
7200 pre g am] 


% 
> 
700 
2 600 
Cooperetors 
No.1! e WNo.5m 
No.2 0 No.6 
N 500 No.5 & No.7 + 
No.4 4 WNO.8 x 
400 | | 
a. 600 700 800 900 1000 1100 


Duplication of Results to a Striking Degree Is Possible if 
Steel ls Drawn at Temperature for Maximum Secondary 
Hardness, That Is, 1000° F. (or Perhaps Slightly Higher) 


Drewn / Hr. as Indicated, ¥. 


given herewith will show that he obtained the 
All the sections in his 
sample, however, were badly cracked, and it is 


highest hardness of all. 


suspected that he exceeded the quenching tem- 
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in an electric furnace to 750° F., trans 
ferring it thence to a semi-muffle oil fur 
nace at 1350° F., and finally placing it 1 
a semi-muffle gas furnace at 2350° F. Hy 
quenched his sample in oil at 150° F. 
Subsequent to the above quenchin 
treatments the eight notched samples were 
turned to the laboratories of the Ontario RB: 
search Foundation for drawing at a series of ten 
peratures varying between 600 and 1200° F. © 
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ir receipt each of the samples were broken 
‘he notches into the eight pieces required for 
further experiments, these being grouped in 
s of eight, one of each set having been treated 
already described. 
In the drawing experiments each set of sam- 
s were heated for periods of half an hour, one 
our, and two hours, respectively, at the specified 
emperature, and, subsequent to each period of 
eating, were tested for hardness by means of 
Vickers hardness testing machine, using the 
diamond cone. Eight impressions were made 
and measured on each of the slugs, subsequent 
to each of the drawing treatments. The average 
hardness numbers were calculated from these im- 
pressions and were used in preparing the three 
diagrams which illustrate this paper.  (Arith- 
metical adjustments of the average hardness 
numbers were of course made in order to enable 


Cooperetors | | 
No./ No.5 m= | 
No.2 ° | | 
No.5 No.7 + | \ 
No.4 ¥ No.8 x 
| | 
| | | | | | 
Q 600 700 800 900 1000 1100 1200 


Drewn 2Hr. as Indicated, F. 


Samples in Above Tests, Drawn Two Hours, Ap- 
pear to Have no Higher Hardness Nor no Better 
Reproducibility Than When Drawn One Hour 


the relative effects of drawing at the various tem- 
peratures to be clearly depicted.) 

A consideration of these diagrams will make 
it clear that little, if any, weight can be given to 
the results which were obtained on the samples 
supplied by Cooperators 1, 3, and 4. Possible 
reasons for this have already been noted and 
need not be dealt with again. 

If consideration be given to the results of the 
tests made on the samples supplied by heat 
treaters No. 2, 5, 6, 7, and 8, it will be noted that, 
despite the variations in initial hardness and in 
the technique which must naturally characterize 
heat treatment in commercial practice, the hard- 


OCTOBER, 1935 


ness obtained as a result of drawing the samples 
at 1000° F. is remarkably uniform, and this is 
true of either the half-hour, hour or two-hour 
drawing periods. 

It is somewhat unfortunate that a choice was 
not made of drawing temperatures intermediate 
between 1000 and 1100 
there 
drawing temperature of 1050° F, 


F. in view of the fact that 
that a 
will give a 


is considerable evidence to show 
somewhat greater hardness than that obtained 
after drawing at 1000° F. 
reason, however, why one should expect any 


There seems to be no 


greater variation in hardness subsequent to draw- 
ing at 1050° F. than at 1000° F, 
Low Temperature Draws 


Another point of considerable importance 
brought out by the diagrams is that there is quite 
a marked variation in the hardness of the sam- 
ples subsequent to drawing at temperatures both 
below and above 1000° F. If, for example, one 
considers the results of the half-hour treatments 
shown on the curves, one finds that a very wide 
variation in hardness obtains in the samples sub- 
sequent to a tempering treatment at, say, 700° F, 
The same remarks might be made regarding the 
This 
point may be of considerable importance in cer- 
temperature draws 


longer treatments at this temperature. 


tain’ circumstances. Low 
have been recommended as likely to conduce to 
greater toughness in high speed steel, and the 
evidence in support of this view is very con- 
lead to the 


prop- 


vincing. Present results, however, 


view that wide variations in mechanical 
erties can be expected to result from treatments 
made at temperatures between, shall we say, 
600 and 900° F. 
work in this connection with the view 
lishing the facts, whether or not uniformity of 
mechanical properties can be obtained at the 


There seems room for further 
of estab- 


lower drawing temperatures. 
One naturally asks for an explanation of the 
subse- 


which obtains 


F. The author believes 


uniformity of hardness 
quent to draws at 1000 
that this uniformity in hardness is due to the 
fact that such a heat treatment almost 


complete precipitation of dissolved carbide. At 


causes 


lower drawing temperatures the amount of car- 
bide precipitated may vary quite considerably 
from sample to sample with time, and variations 
in hardness (and, one may presume, in other 
properties also) may be expected as a result of 
microstructural condi- 


such differences in the 


tion of the steel. 
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IN SENDING these photographs of the 
deal box and the 79 specimens of steel and 
allovs made by Faraday during the years 
1819 to 1824, Sir Robert Hadfield writes: 

“It was by a happy combination of cir- 
cumstances that I was fortunate enough to 
secure permission to examine these speci- 
mens. I had seen a few specimens in the 
Science Museum, and as an exhibition was 
to be held during the Faraday Centenary 
Celebration, I suggested that it would be 
appropriate to have them examined and 
analyzed. Sir William Bragg, director of 
the Laboratory of the Royal Institution 
(where Faraday had worked for some 54 
years) turned over to me the wooden box in 
which Faraday himself had placed this re- 
markable collection of alloy steels. More- 
over, fortunately he had labelled the box in 
his own handwriting so there could be no 
doubt about them. 

“The results of the examination made 
by my energetic staff are contained in my 
book, Faraday and His Metallurgical Re- 


The Box 


and 


lis Contents 


THE FIRST ALLOY STEE) 


Made by 
Michael Faraday 


searches. It becomes clear that Faraday 
may be justly termed the Pioneer of Alloy 
Steels, as he is called the Father of the Elec- 
trical Industry. Although many have been 
kind enough to associate my name with the 
inception of modern alloy steels through 
the discovery of manganese steel and sili- 
con steel, yet I willingly bow to him. 

“Adverse or. slighting comments on 
Faraday’s work can only be attributed to 
the argument that because Faraday’s stlee! 
alloys were not to a large extent used indus- 
trially they were therefore a failure. Those 
who argued thus failed entirely to see th 
enormous importance of this early research 
work by Faraday, and the extent to which 
he anticipated later workers.” 

The more interesting samples consist of 
platinum and rhodium alloys, each contain- 
ing nearly 50° of the special metal, a pal- 
ladium steel with half the quantity of that 
metal, and three samples of steel and 
platinum welded together in attempts to 


imitate Damascus steel. 
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All Views in First Row 
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Plain Chilled Iron 


Hardness 400 to 500) Brinell de 
pending on carbon content. Struc 
ture at 500 & is shown to” be 
cementite (white) in fine pearlite 


Microcharacter Scratches Show That Pearlite in Plain Chilled Iron (Left) 


=> 


Moderately Harder Iron 
6Oniekel, chro 
mium. Hardness about 600 
Brinell. Structure is cement 


ite and sorbite Cunresolved) 


Are 100 &, in Second Row 


Vlicrostructure of Hard White Cast Iron 


Are 


te: 


Fully Hardened 


niekel, Loo chro 
Hardness 700) Brinell 
Structure is cementite (white) 


and inartensite (needles) 


Is Much Softer Than Martensite 


in Fully Hardened Chilled Nickel-Chromium Cast Iron. All micros Courtesy International Nickel Co. 
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sis FREE! Send for our handy celluloid vest pocket 
ey size “ Hardness Conversion Table.” Quickly gives 
approximate relation between Brinell, Rockwell 
Se and Shore hardness values and corresponding 
ee strengths of Nickel Alloy Steels. Address Dept. F3. 
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+3 “Although Nickel Steels were the first alloys to be used in com- 
mercial quantities for mechanical applications, they have kept 
abreast of modern engineering developments and are extensively 
METAL PROGRES 
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T IS A RATHER WIDESPREAD IDEA 
among metallurgists in the consuming industries 
that the phrase “alloy steel practice” connotes a 
number of refinements and changes from. the 
methods found satisfactory for the production 
of soft carbon steels tank plate, for instance. 
lhis is true insofar as it means that the conscien- 
tious manufacturer of alloy steels is carrying on 
where the traditional practices of the old-time 
crucible melting shop have failed to meet modern 
tonnage and even quality requirements. It is 
true whether the manufacturer uses open-hearth 
or electric furnaces, and whether the melting 
units are large, medium or small. In every case 
he has developed, sometimes by experience, 
sometimes by logical application of science, a 
series of practices which enable him to control 
the quality of his product so it will conform to 
the pressing requirements of his customers. 

Many of these practices are with difficulty 
transmitted to the printed word. Nevertheless 
it will probably be useful to outline a number of 
precautions taken in the melting shop of Timken 
Steel & Tube Co., for this department has an 
annual capacity of 180,000 tons of basic electric 
steel ingots, and its practices have been devel- 
oped alongside and in competition with a good 
sized battery of basic open-hearth steel fur- 
Some of the items listed below will be 
elementary to many metallurgists; they, however, 


ave been included because they are themselves 
of fundamental importance and are required to 
round out the complete picture. 

One 10-ton furnace, two of 
o0-ton capacity, and one capable 
of melting a heat of 100 tons of 
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By R. Pp, Bre wn 
Timken Steel & Tube Co 
Canton, Ohio are adjusted for the upper and 


QUALITY CONTROL OF 


STEEL 


BASIC ELECTRIC 


Repairing Bottom on 25-Ton Electric Furnace 


steel, all of the Heroult type, comprise the Tim- 
ken installation. These furnaces all operate on 


60-cycle alternating current, drawing 


power from three taps low, medium, and high 
power and voltages ranging from 100 to 250. 
Further adjustments can be made for each power 
tap by a hand controlled rheostat. 

Each furnace has its own transformer, con- 
trol board and auxiliaries complete. Automatic 
controls are provided to maintain a uniform 
length of are from each of the elec- 
trodes to the bath. As usual this 


is accomplished by relays which 
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lower current limits and connected to a direct cur- 
rent reversing motor to raise and lower the elec- 
trode mast. Manual controls are also provided for 
adjustment during the charging, slagging off, and 
tapping processes. “a 

A special grade of periclase is used for bottom 
construction, with particles so graded in size that : 
the maximum density will be secured when the 
material is placed in posi- 
tion with a mineral bond. 
Bottoms are tamped into 
position in the proper con- 
tour and fired with the 
electric arc. Furnace roofs 
and upper side walls are 
built of silica brick, bot- 
tom side walls of mag- 
nesite brick. Construction 
and furnace operation are 
both watched to prevent 
molten silica dripping into 
the bath and diluting the 
slag. Chromite refrac- 
tories are ordinarily 
avoided due to the possi- 
bility of chromium being 
reduced and alloying with 
the heat. 

Quality control re- 
quires the careful selec- 
tion and grading of all 
raw materials used in the 


Spoon Tests Are Made as Soon as Charge Is Melted 
and Drillings Sent to Laboratory for Analysis 


charge. Chemical analyses are made at the Tim- limestone or burned lime, alloys as necessary, 
ken plant of all shipments to see that the neces- and carbon or ore according to the type of steel 
sary standard is maintained. Scrap must all be to be made, whether high carbon or low. Heavy 
low in phosphorus and sulphur, and is carefully scrap is charged directly under the electrodes 
graded for composition and physical condition. and on the bottom. Light scrap is charged 
Limestone must likewise be practically free from around the electrodes and in the center. Lime- 
sulphur and phosphorus, and for best results the stone or lime may be charged either in the cen- 
size and physical condition of the lumps must be ter of the furnace or around the electrodes — but 
uniform. Similarly, best results are secured never directly under them, as it would interfer 
when the graphite or carbon used in the charge is with the formation of the are. If the are ts 
crushed to standard size. broken, the automatic control will lower the ele 
It is equally important that raw materials trodes until they bear on the charge, and the) 
for slag making be controlled; chemical analyses are likely to break and the bath will be contam 
of all these are made as part of the routine. It nated with an excess of carbon. Carbon or ore ts 
is particularly important that the materials be usually charged in the center of the furnace. 
dry, as hydrogen from the decomposition of The heat should melt from the bottom. | 
water vapor may be absorbed by the bath with the are is mainly concentrated on the heavy) 
harmful effects later. Special precautions are scrap a pool of metal will be formed on the ly 
therefore taken to avoid the entrance of mois- tom and the lighter scrap will fall in, cooli 
ture into the furnaces from this or any other the bath and thus preventing excessively hig 
source. temperatures at localized points. Standard pre 
An electric furnace charge usually consists tice is to start the furnace at low power and ho 
of heavy and light scrap, properly proportioned, it until melting is well under way, after whi 
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lium or high power can be used for the bal- 
of the melt-down period, the current char- 
ristics depending principally on the physical 
dition of the scrap. 
Oxidation of the scrap, surface scale on it, 
ore that may have been charged, plus the 
bon dioxide given off by the decomposition of 
limestone provide oxygen for removal of sili- 
phosphorus, manganese, and carbon from 
metal during the melt-down period. Some 
iphur is oxidized to sulphur dioxide at this 
age and escapes to the furnace atmosphere. If 
limestone has been used in the charge, the lime 
formed by its decomposition rises through the 
bath to form a lime-silica slag with the oxides 
formed from the scrap (silica, phosphorus pent- 
oxide, manganese oxide, and ferrous oxide), to- 
sether with such magnesium oxide as may be 
eroded from the bottom, and with other min- 
eralogical oxides from the stone and ore which 


) 
Is 


were charged. 
As soon as a heat is melted, spoon tests are 


taken for chemical analysis. The temperature 


of the metal is checked by means of an optical 
pyrometer at this time, as temperature deter- 
mines the rate of elimination of phosphorus, man- 
ganese and sulphur. At the same time the melter 
notes the fluidity and consistency of the steel as it 
is poured from the spoon. Routine procedure calls 
for a determination of carbon, manganese, phos- 
phorus, sulphur, and residual alloys by chemical 
analysis. The slug is cooled immediately after 
pouring, drilled, and the chips sent to the chem- 
ical laboratory by a pneumatic carrier. This 
analysis normally takes about 25 min. and is re- 
ported back to the melt shop by telautograph to 
save time and avoid verbal misunderstandings. 


Constitution of Melt-Down Slags 


Following this first spoon test, the slag is 
shaped up by the addition of limestone or burned 
lime, which increases its basicity; ordinarily no 
fluorspar is needed. If the chemical analysis of 
the metal shows too much phosphorus, manga- 
nese or carbon, more oxidation is required in the 


Slagging Off Through Charge Doors in Timken 100-Ton Electric Furnace. Note electrode 
masts and arms from each side, operating six electrodes in two three-phase circuits 


OCTOBER, 1935 


91 


| 
Pe & 
4% 
Shc 
‘vie. 
ty 
q 
| 
. 
| 
= 
Ay 


bath, and mill scale or hematite ore is added to 
the slag in carefully measured amounts. After 
the ore has worked through the bath, and the 
slag is in shape, another spoon test is taken and 
the analysis of the bath is again checked by the 
laboratory. When the proper analysis has been 
reached and the temperature of the steel is cor- 
rect, the oxidizing slag is removed from the fur- 
nace by tilting the furnace slightly and skimming 
through the charging door. 

A typical melt-down or oxidizing slag, when 
complete and ready for removal, analyzes as fol- 
lows: CaO 18.7°,, SiO, 19.3, FeO 12.8, Fe.O., 3.25, 
MnO 6.50, MgO 7.10, P.O, 0.31, ALO, 1.50, Cr.O, 
0.50, and S 0.19%). Petrographic analysis shows 
these oxides to be combined in cooled slag as fol- 
lows: (} di-calcium silicate (2CaQO-SiO,), a solid 
solution phase consisting of magnesium oxide, 
ferrous oxide, and manganese oxides (MgO, FeO, 
MnQO), undissolved magnesium oxide (MgQ), 
magnetite (Fe.O,), and in some cases di-calcium 
ferrite and free lime (CaO). The 
phosphoric acid is probably combined with lime 
as tri-calcium phosphate (8Ca0O°P.O.) and held 


in solid solution in di-calcium si}; 
(2CaQO-SiO,). 
To eliminate the human element to as o 


an extent as possible, all slag making mater). |s 
are weighed and premixed in advance. In this 
way, both the proper composition and volume of 
slag may be consistently secured, and a higher 
quality and more uniform steel will be produced, 
(It is a truism that the steel melter makes slaus 
rather than refines steel; the latter is a conse- 
quence of the former.) The reducing slag js 
made up of lime, sand, and fluorspar, coke or 
crushed electrode being spread over the slag as 
it is formed to maintain a reducing condition 
This produces an atmosphere of carbon mon- 
oxide and at the same time calcium carbide is 
formed in the slag, which, being highly basic, 
eliminates sulphur from the bath. Usually low 
power is used during the reducing period of the 
heat, temperature being controlled by rheostat 
adjustments. 

At this stage part of the deoxidizing mate- 
rials and allovs may be added to the bath. If 
a highly deoxidized melt is desired, manganese, 
silicon, or aluminum will reduce the oxygen con- 
tent to the desired point. The temperature of the 
bath and the length of time it will remain under 
the reducing slag determine to a large degre 
how alloy additions shall be made; consequentl 
standards have been set at the Timken plant to 
cover time and temperature conditions as they 
affect addition of various alloys and deoxidizers. 
This has systematized melting practice and en- 
ables the melter to duplicate uniformly high 
quality heats. Alloys such as ferrochrome, which 
have a high melting point, require a considerable 
length of time for solution and diffusion; it is 
therefore advantageous to preheat these alloys 
before adding them to the bath. 

Constant attention must be given to tempera- 
ture control in electric furnace steel production, 
for the equilibrium between oxygen in the bath 
and in the slag changes materially with tempera 
ture. While it is true that actual vhysico-chem 
ical equilibrium is never attained due to lack of 
time, it is obvious that certain desired conditions 
which are approaching stability at say 30007 fF. 
would be highly unstable and changing rapid!) 
at 3300° F., and would have to be “caught on 
run,” so to speak. 

Hydrogen is also more likely to be absor! 
at high temperatures, and that is particula! 


Pneumatic Tube System Connects Furnace Departments 
and Chemical Laboratory for Rapid Transfer of Sam- 
ples. Telautographs in all offices transmit analytical data 
instantly without chance of verbal misunderstanding 


serious when certain of the chromium-nic! 


steels are being melted, especially those conta 


ing considerable silicon. Hydrogen causes por 
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Examination of Slags by Petrographic Microscope Identifies the Minerals 
Present and Supplements Chemical Analysis to Give a Better ldea of Ac- 
tual Furnace Conditions and the Origin of Nonmetallic Inclusions in the Steel 


itv in the tops of the ingots, and cracks or flakes 
in the finished product. Consequently, every 
effort is made at the Timken plant to eliminate 
sources of hydrogen such as moisture in the raw 
materials or water leaks in the furnace, and suf- 
ficient carbon is added to the reducing slag to 
establish an atmosphere of carbon monoxide in 
the furnace so as to prevent the entrance of at- 
mospheric air, more or less humid. 

Spoon tests of both the slag and steel are 
made at regular intervals during this stage, while 
refining the heat. Temperature readings are 
taken with an optical pyrometer and records 
kept. Viscosity and consistency of the slag is 
watched closely. Color and appearance are a 
good gage as to the deoxidizing value of the slag, 
odor indicates the presence of calcium carbide, 
and disintegration on cooling indicates that a 
inajor portion of y di-calcium silicate is present. 

Even though everything has been calculated 
in advance, the experience of a skilled melter is, 
of course, essential to the production of high 
quaiity steel, and his judgment must necessarily 
be relied upon to a large extent during the fin- 
ishing stages, particularly with regard to tem- 
perature control. Lime, fluorspar, and coke are 
added as required to hold the slag at the proper 
composition and viscosity and to maintain the 
desired degree of deoxidation; the exact times 
ind amounts will be decided by the melter. 

As a matter of record and to enable melters 
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to check their judgment, 
iron oxide analyses are 
run on all tap slags. This 
is of particular” impor- 
tance, as the control of 
the deoxidizing power of 
the slag has a vital rela- 
tion to the quality and 
physical properties of the 
finished steel. For exam- 
ple, grain size, abnormal- 
itv, hardenability, tough- 
ness, and distribution of 
non-metallic inclusions all 
are related to the oxygen 
content of the steel and 
of the slag. 


Standard 


calls for a complete chem- 


pract ice 


ical analysis to be run on 
every clectric furnace heat 
from 30 to 60 min. before 
tapping, results being re- 
ported by telautograph. 
This method gives the melters an opportunity to 
finish their alloy additions and deoxidation and 
bring the heat to the desired chemical analysis. 
Certain physical properties such as grain size 
can be consistently secured only when deoxida- 
tion of the slag is controlled in conjunction with 
the other factors mentioned. In addition, the 
practice of adding the bulk of the alloving and 
deoxidizing elements in the furnace rather than 
in the ladle allows suflicient time for the oxides 
formed to rise to the slag and thus hold non- 
metallic inclusions in the finished steel to a 
minimum, 

In general, the carbide tvpe of slag is used 
for finishing Timken steels, but certain low car- 
bon steels require the use of silicon instead of 
carbon to keep the slag in a reduced condition, 
In a few other cases lime-alumina type slags are 
used. Slag practice is always adjusted accord- 
ing to the type and characteristics desired in the 
steel under production, 

Chemical analysis of a typical carbide slag 
will show CaO 61.5',, SiO, 24.5, 0.67, Ca. 3.54, 
Cak, 1.80, FeO 0.43, nil, MnO 0.09, 
134, ALO, 2.76 and S O41. 
of such a slag indicates the presence of y di- 
and usually tri 


Petrographic analysis 


calcium. silicate 
calcium silicate ($CaQO-SiO.), a small amount of 
solid solution phase consisting of magnesium 
oxide, manganese oxide and ferrous oxide (MgQ, 


MnQ, FeO), undissolved (Continued on page 9%) 
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Shinimering panels and gleaming 
railings of ENDURO Stain/ess Steel 
lend a touch of beauty to the huge 
arena of the Internation ! Live 
Stock Amphitheatre.In the ducts of 
the Amphitheatre’s ventilaiins 
tem, are sixty tons of rust-resisling 
Toncan Copper Melybdenu™ 0". 
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Make Repustic’s Headquarfers 
our Headquarters 


ICTOBER, 1935 


Make yourself at home in Republie’s spacious headquarters 
at the National Metal Exposition. Drop in often. Meet your 
friends “at the Republic Booth.” Ask questions. We'll be 
glad to tell you about Agathon Alloy Steels and about the 
ENDURO Stainless Steel and Tonean tron used in building 
the new International Amphitheatre which is the Exposi- 
tion’s headquarters . . . ENDURO installations in Chicago's 
well-known hotels . . . ENDURO equipment in the meat 
packing and many other Chicago industries. Hustling, 
bustling Chicago was one of the first industrial centres to 
appreciate the many possibilities of ENDURO, Literally 
thousands of ENDURO applications greet you in the City 
by the Lake. Chicago may well be called the Enduro City. 
» » » Ask questions, too, about Republic’s gear steels and 
how they are cutting costs for producers of gears and other 
carburized parts. We have much to tell you about Re- 
publie’s Double Strength Steel and other Republic devel- 
opments, » » » And don’t forget to ask for a copy of the 
new Agathon Alloy Handbook—we'll have it off the press 
in time for the Show. » » » You'll find much that is inter- 
esting in the exhibit space of the world’s largest producer 


of alloy steels. Make yourself at home. » » » » » » 


CORPORATION 


oy s pivistown WMASSITILLON 


cuneeas. OFFICES: YOUNGSTOWN, OHIO 
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(Continued from page 93) magnesium oxide 
(MgO), and possibly some free lime (CaQ). 
Calcium carbide (CaC,) is known to be present 
by chemical analysis although it cannot be seen 
under the microscope. 

Just prior to tapping an electric furnace, 
temperature readings should be taken and the 
metal and slag examined. Care must be exer- 
cised at this time to see that the runners and 
ladles are clean and in good condition so as to 
avoid possible non-metallic inclusions from. this 
source. Additional temperature readings are 
taken on the stream of metal during tapping. 

To allow. stirred-in non-metallic inclusions 
to rise, the ladle stands for some time after tap- 
ping is complete and until the temperature 
proper for teeming has been reached. The final 
precaution in the production of high quality 
ingots lies in the design and preparation of the 
ingot molds and in the cooling. An enormous 
amount of work and study has been given to 
these points by steel makers the world over, and 
cannot even be summarized here. The mold 
wash (about which little information is available 
in the literature) must be of such a character as 
to produce a tough skin on the ingots, but not 


give off gases which might cause defects. 
Advantages of Electric Melting 


If mental comparisons have been made as 
this article is read, the reader will recognize at 
once a number of items which sharply differ- 
entiate good electric furnace practice from good 
open-hearth practice. For the most part the limi- 
tations on the latter are imposed by the construc- 
tion of the furnace and its mode of heating. 

The consistently high degree of uniformity 
which quality control has made possible in basic 
electric furnace steel has been one of the funda- 
mental reasons for the preference which has 
developed for this product. Many factors con- 
tribute to this. Flexibility in operation of an 
electric furnace permits the use of two or even 
more slags of quite different types during a heat. 
Temperature can be closely controlled over a 
much higher range. Alloys can be added in the 
furnace without undue loss in the slag, and suf- 
ficient time allowed for their complete solution 

good distribution being secured by the cir- 
culation of the metal in the bath. Furnace at- 
mosphere can be easily and definitely controlled, 
and is not dependent on the combustion of oil or 
gas. Further, the melter can control the velocity 
of the stream of hot metal during tapping. 
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Steel is melted in the are type electric 
nace by the high temperature developed wy 
the electrodes rather than by convection 
radiation from a flame as in the case of op 
hearth furnaces. Consequently, a higher | 
temperature can be used without endangering 
roof. The use of these higher temperatures 
creases the range of slag compositions, and 
extent to which refining reactions may be driv: 
furthermore the slags may vary from medi 
acid to extremely basic, and still be fluid enoy 
to perform their chemical functions. 

Carbon, manganese, silicon, phosphorus, 
some sulphur can be removed from electric fu 
nace steel by oxidation under a lime-silica mel! 
down slag. This oxidizing slag can be easily 
removed when the above elements are down to 
proper figures and replaced by a reducing type of 
slag which deoxidizes the metal and makes it 
possible to make additions of oxidizable alloys 
directly to the furnace. Improved homogeneity 
in the steel results, particularly in the case of 
high chromium steels, as ferrochrome must le 
added to a hot bath, free of oxygen, to which 
heat is continually being supplied. 

Carbon monoxide gas resulting from the 
oxidation of the electrodes during the melt-dow: 
period is effective in maintaining a reducing at 
mosphere above the slag. Consequently the oy) 
gen content in the melt-down slag can be quit 
closely controlled, and the correct: amount of 
oxygen added through the addition of oxidizing 
agents such as scale or ore rather than picking 
it up from the atmosphere. This is of value in 
controlling the loss of iron from the bath, regu- 
lating the oxidation of undesirable elements, 
and likewise (and of particular importance under 
present-day conditions) controlling the state of 
deoxidation of the bath, which has a direct in 
fluence on such properties of the steel as grain 
size, abnormality, hardenability and toughness 

Only by taking full advantage of chemical 
and physical control, plus the experience based 
on an analysis of the results of past heats, can 
consistently uniform steel be produced of hig! 
quality in regard to both chemical analysis and 
physical properties. Detailed records must Ine 
kept of all stages of the heat, raw materials 
analyzed and proportioned in advance of tly 
use, and the cooperation of the men secured ! 


a careful explanation of the reasons for wi 


may seem to them to be too close control. Neith: 

research nor experience alone is suflicient. Bo! 

must be coordinated, and when that is done t! 


resulting steel is worthy of the manufacturer, 
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BOOTH E-27 


WE SHALL EXHIBIT UNUSUAL PARTS MADE FROM 


HY-TEN, ECONOMO & S.A.E. ALLOY STEELS 
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ASK FOR A SET OF OUR DATA SHEETS 


WHEELOCK, LOVEJOY & COMPANY, Inc. 


CAMBRIDGE CLEVELAND CHICAGO NEWARK DETROIT 
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TYPICAL 
APPLICATIONS 


OF NITRALLOY 


Calender Rolls 
Cams and Camshafts 
; Chain Links and Pins 
Connecting Rods 
Crankshafts 
Cylinder Liners 
Die Casting Dies and Cores 
Fan Blades 
Fuel Injector Parts 
ears 
King Pins 
i Pinions 
Piston Rods and Rings 
ey! Pump Rotors and Sleeves 
: Push Rods 
Scale Balances 
Fa Scale Blocks 
Seaming Rolls 
Seats for Valves 


Water Pump Shafts 


Worms 
Wrenches 
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THE HARDEST KNOWN STEEL SURFAC! 


RESISTANCE 


NITRIDED STEEL CALENDER ROLLS 


The upper illustration and insert show a corrugated steel calender roll of Nitralloy 
in use in a large rubber plant . . . the final answer, after exhaustive experiment, to 
overcome the wear of constant production. The drawing illustrates a cross section 
of a typical nitrided steel calender roll frequently used in the textile, paper, and 
rubber industries. 


COMPANIES LICENSED BY THE NITRALLOY 
MANUFACTURERS OF NITRALLOY STEEL 


Bethlehem Steel Co., Bethlehem, Pa. Ludlum Steel Co., Watervliet, N. Y. 
Crucible Steel Co. of America, New York, N. Y. Vanadium-Alloys Stee! Co., Pittsburgh, Pa 
Firth-Sterling Steel Co., McKeesport, Pa. The Republic Steel Corp., Youngstown, O. 


MANUFACTURERS OF NITRALLOY STEEL CASTINGS 


Lebanon Steel Foundry, Lebanon, Pa. The Massillon Steel Castings, Co., Massillon, O 
Empire Steel Castings Co., Reading Pa., Milwaukee Steel Foundry Co., Milwaukee, Wis 
Warman Steel Castings Co., Los Angeles, Cal. 


OPERATING AND ACCREDITED NITRIDING AGENTS 


Arrowhead Steel Products Co., Minneapolis, Lindberg Steel Treating Co., Chicago, Ill. 
Minn. New England Metallurgical Corporation, South 


The W. S. Bidle Co., Cleveland, O. Boston, Mass. 

Camden Forge Co., Camden, N. J. The Queen City Steel Treating Co., Cincinnati, O 

Commercial Steel Treating Co., Detroit, Mich. Wesley Steel Treating Co., Milwaukee, Wis 
MANUFACTURERS OF FURNACES SUITABLE FOR NITRIDING 

The Electric Furnace Co., Salem, Ohio. Leeds & Northrup, Philadelphia, Pa 
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WEAR 
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Sockets 
lines 
Sprockets 
Tappets 
Wes. Valve Gauges 
Valve Seat Rings 
Valve Stems and Sleeves 


And Now NITRALLOY 
Cylinder Barrels for the 
Latest Series of 750 H. P. 
WRIGHT CYCLONE ENGINES 


—— 


Finished nitrided Nitralloy cylinder barre! 
before being fitted into aluminum cylinder 
head 


Photographs courtesy of the W right 
feronautical orporation, Paterson, N. 
and Canton Drop Forging Manu- 


facturing Company Canton, 


Nitrided Nitralloy cylinder barrel showing forging at left, cylinder barre! 

after being nitrided for fifty hours and the finished cylinder barre! after 

machining. At the right, a cylinder barrel showing the stages from billet 
to finished forging. 


D EPENDABILITY and advanced engineering design have long been 


characteristics of airplane engines built by the Wright Aeronautical Corporation. 


And now, where high power and high rotated speed present new problems 
in the design of heavy duty airplane engines, Wright have found that Nitralloy 
cylinder barrels considerably increase the life of the engine. As a result, 
the latest series of 750 h.p. Wright Cyclone Engines are built with Nitralloy 
cylinder barrels. After heat treating, quenching and normalizing the forging, the 
Nitralloy cylinder barrel is nitrided for approximately fifty hours to obtain a case 
of .020 to .030 of an inch and shows a Vickers Brinnell test of approximately 800. 


Nitralloy, when nitrided from fifty to seventy hours, produces the hardest 
known steel surface and offers the latest advance in overcoming wear resistance 
in the presence of severe operating conditions. 


. Nitralloy calender rolls for the rubber, textile and paper industries particularly, 
is another significant addition to the constantly increasing list of applications for 
Nitralloy which has in many instances succeeded where other efforts have failed. 


iny one of the companies licensed by The Nitralloy 
Corporation will be glad to cooperate with you in sup- 


plying additional information on Nitralloy. 


s The nitriding process and Nitralloy are 
protected under patents controlled by 
THE NITRALLOY CORPORATION 
230 PARK AVE., NEW YORK, N. Y. - 
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| M R. STEEL USER! 


gh e on-Deform- 

Special Alloy Steel. This Steel is the | EXTRA Speep 

_ finest that can be made in this class.§ § “SWED-OIL”. —an Oil Hardening, non- 

tungsten alloy steel, combining unsual 4 


 “CHiZ-ALLOY” — a Chrome Tungsten 
Molybdenum Steel—the toughest, keen- 
est steel obtainable 


100 METAL PROGRES: 
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*THE THIN RED LINE 


HE executive of any plant interested in reducing 
the cost of cutting-tools and cutting-operations 
will welcome the new molybdenum-tungsten 

y high speed steels—M°O™MAX. The thin red line 
5 that is the hot edge of a cutting-tool receives 
new support from the hot-hard, strong and tough MO-MAX. 


M°-MAX is a standard high speed steel for cutting-tools. 
Many tool manufacturers have adopted it for their most im- 
portant products. Numerous tool users specify MO-MAX for 


their high speed tools. 


In scores of plants, MO-MAX in the form of twist drills, 
reamers, cutters, hacksaws, lathe tools, tool bits and other 
cutting-tools is proving equal to, and often better than, other 


orthodox steels. 


Born of the Great War, when the acute shortage of tungsten 
made it almost impossible to supply high speed cutting-tools 
of the then known steels in satisfactory quantity and quality, 
M°-MAX is the result of many years of painstaking research 


and experiment. 
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THE THIN RED LINE® 


OW, the results of tests, made under severe con- 


/ ditions of production service, demonstrate that 
M°-MAX has reached a commanding position in 
y the field of high speed steels. It has shown a 


marked superiority where toughness and resist- 


ance to abrasion are essential. 


M°-MAX, in the annealed condition, machines more readily 
with consequent savings in machining costs. Forging and 
hardening operations are carried on at temperatures about 
150° F lower than required for conventional high speed steels. 
In addition to the savings due to lower cost in the tool room, 
M°-MAX is economical because it weighs about 8’: less than 


other high speed steels commonly used. 


M°-MAX is independent of foreign sources of tungsten. The 


United States has ample deposits of molybdenum—the chief 
alloying element—and American mines can supply the small 


amount of tungsten needed. Tungsten, therefore, ceases to be 
a “strategic material’ and M°-MAX users are assured a more 


stable price and supply. 


M°-MAX deserves the same careful study, handling and application as 
did the high speed tool steels that preceded it. For more detailed 
information about M°-M4X consult your usual sources of supply. 
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APPLICATION—AIll high speed cutting-tools, 
punches, dies, wear and heat resisting parts. 


APPROXIMATE COMPOSITION 


C 60— .85 Mo 7.75 — 9.25 
W 1.25—2.00 Cr 3.50— 4.00 
V .g0—1.50 


The lower carbons are used for tools requiring 
great toughness. The higher carbons are used 
for tools requiring great hardness and especially 
great red-hardness. The carbon content of 
M°-MAX is in general about 0.10‘: higher than 
for comparable grades of 18-4-1 high speed steel. 


WEIGHT—Density about 7.95—approximately 
8°: less than 18-4-1 high speed steel. 


MACHINING—M2-“4X is easy to machine and 
grind. Its hardness after annealing is slightly 
less than that of most high speed steels. 


HOT WORKING AND HEAT TREATMENT— 


Typical working temperatures are: 
Forging 1900°-2000° F (M2-MAX is work- 
able down to 1700° F) 
Annealing 1500° -1550° F 
Hardening 2175°-2250° F to be varied 


according to the carbon content and kind 
of tool. 


Tempering about 1050° F. 


HARDNESS—Rockwell hardnesses in excess 
of C 65 are easily obtainable. 


TOUGHNESS—As tough or tougher than other 
well known high speed steels. 


LIFE—Total life and life between grinds is at 
least equal to that of high speed steels now in 
general use. 


+ MO-MAX isa proprietary name owned and controlled by The Cleveland Twist Drill Company and its 
only licensed use by others is on steel made and sold by licensees under Patent Number 1,937,334. 
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OR by the use of good tool steels can the tool 
maker develop his skill. ability and experience 
to the highest pitch of perfection. 


© ws makers and tool users have found that 
Jessop’s Genuine Sheffield Tool Steels have every- 
thing a good tool steel should have. . . they are 
dependable . . . uniformly machinable . . . heat 
treat to consistent hardness. 


— are regarded as the world’s standard tool 


steels because of 


QUALITY 


. only the finest materials can be 
used —furnaces cannot get hot enough 
seriously to overheat the metal—ingots 
are smaller and more examinations must 
be made—it isn’t costly to scrap a small 
defective ingot. 

EXPERIENCE 
.. in the course of 161 years of tool 
steel production, Wm. Jessop & Sons have 
gained a keen appreciation of what is ex- 
pected of tool steels. This long experience 
is reflected in the quality of the steel you 


buy but not in the price you pay. 


OW ine to our nearest office for details on our 


complete line: 


WM. JESSOP & SONS, INC. 
121 VARICK STREET, NEW YORK, N. Y. 
BOSTON TORONTO CHICAGO 


163 HIGH ST. 59 FREDERICK ST. Monroe & Jefferson Sta. 
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SKF 711 
ALLOY TOOL STEEL 


OF DISTINCT “PERSONALITY” 
for 


FORGING INSERTS 
in... HAMMER 
FORGING MACHINE) Dies 
FORGING PRESS 


/nsert 
With Solid lug 


~ Key 
Teper “per Foot 


| Die Block 


Method of Fastening Insert 


Other Applications: 
DIECASTING DIES SHEAR BLADES 
PIERCING PUNCHES 
SKF 100 
An Excellent Quality of 
WATER HARDENING TOOL STEEL 


SKF 46 


A Dependable 
OIL HARDENING TOOL STEEL 
of the Non-Deforming Type 


STEELS, Inc. 


40 EAST 34th ST., NEW YORK, N. Y. 
1242 W. WASHINGTON BLVD. 330 NEW PARK AVENUE 
CHICAGO, ILLINOIS HARTFORD, CONN. 
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DARWIN & MILNER, Inc 


1258-64 WEST FOURTH STREET 
CLEVELAND, OHIO 


Pioneers of Modern Quantity Production 


ALLOY TOOL STEELS 
in Bars, Forgings or Castings 
for all purposes 


TOOL STEELS |: 
=x 
a 

me The First Steel Makers to Introduce a 
High Carbon-High Chromium Steel 
“NEOR” 
= Original Patentees of = 
Air-Hardening - Non-Deforming § 

COBALT-CHROME “P.R.K. 33” 
2 Makers of x 
HIGH-SPEED, CARBON 
ww and 
Z 


“Darwin” The Mark of Quality 


AGENTS: 
M. OPP & CO., 38 Park Row - - - New York City 
Ziv Steel & Wire Co., 2945 W. Harrison St. - - Chicago 


Columbia 


TOOL STEEL 


Booth F-15 at the Show. 
Showing: 
CLARITE, VANITE, 
MA XITE, SUPERDIE, 
OILDIE, UNI-DIE, 
BUSTER, SPECIAL, EX- 
TRA, STANDARD , etc. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE AND WORKS 


500 E. 14TH STREET. CHICAGO HEIGHTS. ILL 
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\ SOME NOTES ON BETHLEHEM ALLOY STEELS som 


Bis is essentially a hardening element 
when alloyed with steel. Nickel imparts greater 
strength and improved ductility. The combina- 
tion of nickel and chromium produces a steel car- 
rying the benefits of the added strength of both 
loys. Chromium is the more effective in increas- 
ing the hardness penetration in the heat-treated 
condition, while ductility is improved by the nickel. 

Nickel-chrome steels have found wide industrial 
use, including very important applications in the 
automotive industry. 

The original Bethlehem ‘“Mayari” Steel was a 
type of steel similar to the present S. A. E. 31xx 
Series, the alloying elements in which are 1.00 to 
1.50 per cent nickel and 0.45 to 0.75 chromium. 
This steel is produced with carbon contents in the 
accepted ranges from 0.10 to 0.70. 

Like other alloy steels containing up to 0.25 per 
cent carbon, this type is ordinarily used for car- 
burized parts such as rock-bit cones, stub shafts, 
pins, worms, gears and pinions of many types, uni- 
versal joints, rolls, rocker arms, airplane engine 
cams, studs, bolts and pins, and finds wide appli- 
cation in such service. Up to 0.35 per cent carbon, 
it is a water-hardening steel; with a carbon con- 
tent of over 0.35 per cent, it becomes an oil-hard- 
ening steel. Typical uses of 31xx nickel-chrome 
steels with this higher-carbon content are: con- 
necting rods, rods, master rods and straps for air- 
plane engines, compressor crank-shafts, spindles, 
tool joints, chain-link stock, engine bolts, super- 
heater bolts, steering knuckles, drive shafts, axles, 
spring clips, propeller shafts, shovels, picks and 
similar items. In the 0.30 to 0.45 per cent carbon 
range, the principal applications include bolts, 
studs, shafting and gears. As the carbon content 


passes 0.50 per cent, this grade is widely used for 
die blocks, tool holders, gears and pinions. 

The 32xx Series, which contains 1.50 to 2.00 
per cent nickel and 0.90 to 1.25 per cent chro- 
mium, has an excellent balance of hardening ele- 


QUENCH 1475"F 1478 14757 1475'F 1475 
pRaw %00F 1200°F 1300°F 
NORMALIZED 1625"F ROUNDS QUENCHED InN OFF 
=> 


* Physical properties of S. A. E. 31-45, one of the “Mayari” 
type nickel-chrome steels 


ments which on heat-treatment results in a high 
combination of strength and ductility. This series 
is applicable to parts where the service require- 
ments are more severe than can be met with steels 
of the 31 xx Series. 

The 33xx Series, a richer alloy than the 32xx 
Series, contains 3.25 to 3.75 per cent nickel and 
1.25 to 1.75 per cent chromium. The 34xx Series 
carries 2.75 to 3.25 per cent nickel and .60 to .95 
per cent chromium. While both of these grades 
have very definite applications they are not as 
widely used as steels falling in the 31xx and 32xx 
Series. 
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No other source of supply 


can offer you YOLOY 


Advanced engineering, expressed in ultra-modern stand- 
ards of utility, comfort, economy, and appearance, calls 
for new materials of increased performance. These new 
materials must be capable of reducing capital invest- 
ments, operating costs, or maintenance expense, and 
must have superior physical properties in order to 
withstand the severe service characteristic of this high- 
speed age. 

YOLOY, the intermediate, nickel-copper steel, is the 
material, developed by years of research, for exactly 
these purposes. 

YOLOY steels, because of higher permissible unit stresses 
than offered by mild steels, allow important reductions 
in dead weight without sacrifice of strength or load 
capacity. Applied to static structures where dead weight 
is an appreciable portion of the total load, YOLOY high 
tensile steels are doubly effective. In the construction 
of transportation equipment, YOLOY high strength steels 
decrease dead weight, thereby reducing hauling costs 
and increasing earning capacity. Fabricating economies 
are effected by reduction in amount of material handled 
and the workability of YOLOY. 

The life of a YOLOY structure is greater than that 


of mild steel construction of equal weight, due to the 
fact that the corrosion resistance of YOLOY steels is 


; FOUR TO SIX TIMES AS GREAT as that of ordinary 
carbon steels. 
YOLOY IS AN EXCLUSIVE 
104 METAL PROGRE 
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YOLOY steels can be 
successfully fusion 
welded. YOLOY bare 
and coated welding 
rods are available. 


YOLOY steels meet 
cold forming require- 
ments better than car- 
bon steels of the same 
strength. In the high 
ductility type its per- 
formance is better 
than that of mild steel. 
In the higher strengths, 
YOLOY steels will cold 
form simple shapes 
satisfactorily. 


YOLOY steels lend 
themselves admirably 
to light weight con- 
struction involving 
either welding or riv- 
eting. YOLOY welding 
rod and rivets are 
available. 


YOLOY steels hot 
form successfully. 
Less scale is formed 


on heating than with 
-~arbon steels. 


YOLOY hot rolled 
products have an ex- 
cellent surface finish 
characterized by a 
thin, tight, hard scale 
which affords protec- 
tion against atmos- 
pheric corrosion and 
abrasion. 


YOLOY steels have a 
wide normalizing tem- 
perature range which 
assures, under ordi- 
nary shop conditions, 
a greater uniformity 
of physical properties. 


In YOLOY steels, ad- 
vantage may be taken 
of a low temperature 
heat treatment or tem- 
pering operation to in- 
crease their strength. 
Quenched and tem- 
pered, they develop 
excellent physical 
properties. 


THE YOUNGSTOWN SHEET AND TUBE CO. 


Manufacturers of Carbon and Alloy Steels 


General Offices - 


YOUNGSTOWN, OHIO 


No other Steel, at com- 
parable cost, can give you 
YOLOY'S combination of 
properties 


YOLOY... 


is furnished in the 
following forms: 
sheets, strip, bars, 
plates, shapes, wire, 
seamless and elec- 
tric weld pipe. Send 
for complete de- 
scriptive bulletin. 


YOUNGSTOWN PRODUCT 
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Simplifying With Rolled Stee! 


@ Here is a typical instance of the way in which 
rolled steel permits simplification of product 
and of production. Rolled steel plus simple 
castings plus welding save time and save 
money on big units like this and on smo! 
ones, too. Parts labeled A, are castings — ®, 
are cold rolled steel to assure good surface. 
All other parts are rolled steel. 
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STEEL 
CONSTRUCTION 


@ “How can we apply rolled steel construction to our own products?” This 


question is asked with increasing frequency by many manufacturers who recog- 


nize the economy and the advantages of rolled steel for machine construction. 


What types of machinery lend themselves to the more extensive use of 


rolled steel? What savings are possible? How is weight affected? What pro- 


duction advantages are possible? What types and forms of steel are best 


suited? What should we know about buying? What are the opportunities for 


the use of rolled steel combined with castings? 


The answers to these and to scores of other questions will determine the 


policy for a given product. You'll find those answers in a new booklet issued 


for your guidance. 


YOU'LL FIND THE ANSWERS TO YOUR > 
QUESTIONS IN THIS NEW BOOKLET 


Send today for this booklet ‘Rolled Steel For Ma- 
chine Construction.” It was prepared by > 
men... engineers and designers. It offers a short | 
cut to e more complete understanding of the mani- _ 
fold advantages of rolled steel. And it includes — 
“many suggestions on economy in buying and on — 
modern shop technique. A copy is yours for the | 
asking ... plus further information and the counsel 


of our representatives if you want it. 


ILLINOIS STEEL COMPANY 


208 SOUTH LASALLE STREET, CHICAGO, ILLINOIS 


CARNEGIE STEEL COMPANY 
PITTSBURGH, PENNSYLVANIA 


Pacific Coast Representatives: COLUMBIA STEEL COMPANY, San Francisco, Calif. 
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THE HARBOE NING THE WATER HARDENING 
MATCHED SET SET MATCHED SET 


TOOL STEEL SELECTOR 


Now CARPENTER makes it easier for you ond the Tol Stel Selector the char 


that helps you to pick get better tools, or 
teel for each job. Carpenter Selector Wall Chart for your 
the right tool s ing, Po. 
ED TOOL STEELS 


ERE is added beauty for your product - - everlasting 
brilliance - - greater sales appeal.- - resistance to 
corrosion - - increased strength and rigidity - - genuine 


improvement. 


The new age demands these advantages and Stain- 
less Steel provides them - - in the tiniest valve or the 
modern stream line trains. Stainless Steel is the New 
Metal for the New Age! 


Carpenter Stainless Steels long ago passed through 
the laboratory stage. They hove been tested and 
proved by experience - - and they have earned their 
reputation on performance. 


Many manufacturers have found that they can go fur- 
ther and solve their problems more easily and more 
economically with Carpenter Stainless Steel - - backed 


up by Carpenter service. 


Carpenter is ready and eager to help you improve 
your product with Stainless. Visit us at the Show- - 
or write us about your problem. 


THE CARPENTER STEEL COMPANY, READING, PA. 


wrtesy Republic Steel Corp. 


STAINLESS STEELS 


The View Above Shows a Special Buffing Machine Giving the Final 
Mirror-Like Finish on a Superfine Sheet.... Many Fabrication Prob- 
lems of Importance to Users of This Material Center on the Weld- 


ability of the Alloys, a Matter Discussed Briefly in the Following Pages 
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@ Stainless steels display a unique combi- 
nation of properties—both useful! and orna- 
mental—- which makes them increasingly 
mportant throughout industry for an ever- 
widening range of application ...In the 
process industries, the corrosion resistance 
ind heat resistance of stainless steels assure 
permanence without contamination of the 
product...In transportation, the high strength 

weight ratio and weather resistance of 
s assure high strength with 


light weight, speed with safety, enduring 


ness of stainless steels assure attractive 
design and lasting beauty. 

Electromet Metallurgists are at your serv 
ice to show you how to apply stainless stee 
to your product or in your plant. Write f 
the booklet “Stainless Steels and Their Uses 


nd learn what already has been done. 


ELECTRO METALLURGICAL COMPANY 
Unit of Union Carbide and Carbon Corporatior 


CARBIDE and CARBON BUILDING 
30 EAST 42nd STREET © NEW YORK, N.Y 


utility without maintenance...In the fo 
dustries, the chemical inertness of stainless e( “f : omet 


steels assures cleanliness and purity. 


architecture, the brilliant lustre and rustless- 


Ferro-Alloys Metals 
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ELDING OF THE HIGH CHROMIUM 
irons and steels generally classified as “stainless 
steels” has attracted much attention because of 
the great diversity of alloys now on the market. 
A large amount of work has been required to 
determine the weldability of the alloys, the weld- 
ing rods or electrodes supposed to be suitable, 
and the properties of the weld metal and the 
composite joint. The diagram on the next page 
shows test plates for such purposes, or for testing 
the capability of the welding operator for work 
on materials of known weldability. 

Three types of samples are provided for 
testing the corrodibility of the weld metal and 
the joint; wedge shaped specimens for salt spray, 
prisms for acid immersion, and small rods for 
intergranular susceptibility. The salt spray test, 
which indicates the resistance to marine atmos- 
pheres, subjects the sample for 100 hr. to a fog 
of salt water (4% sea salt). 
is indicated by the weight loss during five 48-hr. 
periods (boiling in 65% nitric acid in a reflux 
condenser). 


Chemical corrosion 


Intergranular corrosion is estimated 
by the change in electrical conductivity after 
boiling the rod in acidified copper sulphate (47 
cc. H,SO, and 13 grams CuSO,-5H,O per liter). 
While none of these tests is formally standard- 
ized, test figures derived as above would be 
accepted by most metallurgists as sufficiently 
informative to supplement 
service conditions. 

It would seem that more importance should 
attach to the above tests on welded 
joints than upon tensile and duc- 


others simulating 


By Ernest E. Thum 


NOTES ON WELDING 


IMPORTANT GROUPS 


OF STAINLESS STEELS 


tility tests, for, after all, the expensive corrosion 
resisting and heat resisting steels are used pri- 
marily to resist corrosion and heat, and the 
method of fabrication must not interfere with 
this aim. Consequently, tensile and bend tests 
may be used to prove soundness at the joint 
rather than high strength. Porosity is especially 
dangerous in many otherwise harmless solutions, 
because a cavity, once penetrated, offers a good 
harbor for an oxygen concentration cell, leading 
to rapid penetration by the pitting tvpe of corro- 
sion. Hence the widespread practice of making 
\-ray films of all important structures and cast- 
ings for the petroleum, chemical, and power in- 
dustries. 


All the 


being used and to limit this discussion to reason- 


important welding processes are 
able bounds, notes will only be given on the most 
important and frequently met applications, 

Cleanliness of the parts being welded is quite 
essential, since any oil or grease will carburize 
the weld, and dirt will form damaging inclusions. 
The thermal conductivity of the stainless steels 
is only one-half to one-third that of mild steel; 
this tends to localize the heat effect. The thermal 
expansion of the chromium-nickel alloys is al- 
most half as large again as that of mild steel; 
more than usual provision must therefore be 
made to minimize warping or internal strains. 

It is, of course, poor economy to scant atten- 
tion to the preliminary set-up and assembly of 
items made of these expensive alloys. 

Welding thin sheet with a flame (either oxy- 
acetylene or atomic hydrogen) has the same 
advantage over the are welding 
process when working with the 


Editor, Metal Progress 


rom 4 paper contributed to the Symposium on Welding of Iron and Steel by the Iron & Stee! Institute 
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high chromium steels as when fabricating the 
plain low carbon steels. Edges of thin sheets are 
preferably bent up to a height of about ;'; in., and 
this standing seam then melted down, as shown 
in the cut on the next page. Abutting edges may 
also be welded, adding some metal to the Joint 
with a welding rod; in this case a backing-up 
strip of copper is helpful. 

Two metallurgical considerations must be 
kept in mind: (a) Avoid carburization and (b) 
avoid inclusions of chromium oxide. 

As most of the commerical alloys in sheet 
and strip form have sharply limited carbon con- 
tents, the joint should match this composition. 
The oxy-acetvlene flame must therefore be care- 
fully adjusted to “neutral” one which lends 
neither carbon nor oxygen to the joint. (In the 
atomic hydrogen flame carbon is absent; such a 
method of welding is very suitable.) 

Some “stabilized” alloys are on the market 
which are less sensitive to the effect of a little 
extra carbon, and these would be chosen to resist 
severe corrosion. Other compositions have 
enough titanium present to carry nearly all the 
carbon in the carbide of this element, where it 
acts as an inert inclusion. Lastly, a little extra 
carbon is of small moment in the chromium-iron 
alloys containing, say, 15.5. chromium near 
the upper limit of definitely hardenable steels. 
Welded structures of this material for the chem- 
ical industry have been heat treated to give good 
combinations of strength and ductility. 

Oxidation of the chromium is also minimized 
by correct flame adjustment. The oxide that 
forms is dissolved in a suitable flux, of which 
there are several on the market. A water-mixed 
paste is painted on the top and bottom of the 
joint, and on the welding rod, if any. The seam 
may also be placed on a slight incline, so that the 
melted flux will run ahead of the hot spot, and 
clean the metal, 

In welding a standing seam the forward 
method of welding working toward the un- 
welded butt 
than necessary is essential; rapid work also pre- 


is preferred. A flame no larger 


vents a boil from too much heat, resulting in a 
porous weld. Interruption of work, patching, 
and intersecting seams should be avoided. Flux 
should be cleaned off thoroughly. 


Coated Electrodes of Stainless Steel 
Metalhe are welding is utilized for most of 
the fabrications when the thickness of the parts 


being joined is ,{, in. or over. It is characterized 
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Weld with backing strip ; mechine flush on both sides afte 


Test Plates Suitable for Determining the Weldability of 
a New Alloy or New Electrode, or for Estimating the 
Capability of a Workman. Slightly modified from those 
used by U. S. Navy, Bureau of Construction and Repair 


by a much more localized heat effect; the tem- 
perature of the weld in the vicinity of the arc 
drops to about 1000° F. in about 14 in. This 
restricts the volume of metal which has been 
changed by heat treatment, or overstrained by 
thermal expansion. 

The problem of protecting the highly reac- 
tive metal in the are from the atmospheric gases 
has been solved by the use of covered electrodes. 
A properly formulated covering has the added 
function of stabilizing the electron stream in the 
are, increasing the welding rate, and promoting 
soundness. 

Few of the coatings are designed to supp!) 
much of the alloying elements to the joint; the) 
are primarily protectors; the problem is to trans 
fer metal to the joint without change. Com 
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unds containing carbon are ex- 
ided for obvious reasons; even so, 
bon will increase about 0.05°¢. 
me strong deoxidizers are also 
worporated, such ferroman- 
unese, ferrotitanium, or aluminum, 
\ fusible protective slag is provided 
y such substances as lime, silica, 
lay, eryolite, and the binder (sodium silicate 
solution). The ingredients are usually mixed 
with the minimum of water, applied to the 
cleaned wire either by dipping or extrusion, 
and then carefully dried and baked. 

There are now available satisfactory cov- 
ered electrodes for the principal types of heat 
and corrosion resisting alloys. When using 
them the chromium loss electrode to joint 

should be not more than 1.0 or 1.5°°, which 
is usually compensated for by having a cor- 
responding excess in the wire. Other common 
elements are practically unchanged. Perhaps 
two-thirds of the titanium and nearly half the 
columbium added to the electrodes for stabi- 


For Thin Sheet Metal It Is Convenient to 
Flange the Metal at the Joint, Paint It 
With Flux, Face the Edges Tightly Together, 
and Melt Down the Protruding Edges. 
Butt welds with welding rod are also made 


lizing the austenitic alloys against structural 
transformation are lost in the transfer. 
A considerable increase in nitrogen may 
be found — as much as 0.30% being recorded 
but in the chromium-irons (16% chromium 
and over) nitrogen acts as a strengthener. Its 
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X-Ray Print, Originally 15 In. Long, Showing Numerous Trans 
Cracks Across 5°% Cr Weld, Due to Lack of Preheat 


effect in the chromium-nickel steels such as 18-8 is 
uncertain; fortunately with good coatings the pick- 
up is small. The parent metal commonly contains 
from 0.02 to 0.04% of nitrogen; in the weld metal 
this may be doubled. 

The electrodes are somewhat smaller than 
electrodes for mild steel; “: in. diameter is the ap- 
proximate upper limit. Larger electrodes and high 
currents tend toward porous welds, Direct current 
welding is usual, with work negative. Since the 
electrical resistance of these alloys is many times 
greater than that of medium steel, short electrodes 


are the rule. 
4 to 6% Chromium Steel 


A very large amount of seamless tubing con- 
taining 4 to 6% chromium, 0.5‘. molybdenum, 
0.15‘. carbon (max.) is used in pressure stills han- 
dling corrosive crude petroleum. Its welding in- 
cludes joining up pipe, “safe-ending” of tubes, and 
construction of superheater headers. Stills oper- 
ate at up to 1000 psi. pressure, and the effluent may 
be at 930° F.; obviously unsound welds cannot be 
tolerated in such equipment. 

E. S. Dixon, of the refining department of The 
Texas Co., Port Arthur, Texas, an original sponsor 
of the low chromium tube, has described welding 
operations as practiced for construction and repair 
in Merat ProGress last February. The principal 
precaution is to preheat the joint to 600° F., and 
at no time should the work cool below 300° F. Im- 
mediately after completion the weld should be an- 
nealed at 1600° F. and slowly cooled, in order to 
eliminate the undesirable characteristics which air- 
hardened chromium steels possess. (This includes 
both field and shop welds.) 

Corrosion tests in actual service have consist- 
ently shown that the deposited weld metal is equal 
to the parent plate in resisting deterioration. Hot 
oil pump discharge lines with field welded and an- 
nealed joints operating under 500 psi. pressure at 
800° F. for one year have revealed a verv reliable, 
practical, and dependable joint. 

J. C. Hodge of Babcock & Wilcox Co., Barber- 
ton, Ohio, has loaned the radiograph at top of this 
page of a weld in such an air hardening steel con- 
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taining numerous transverse cracks owing to lack 
of preheating prior to welding. Practice in his 
plant was summarized in Mera ProGress last 
April. This article may be consulted for data as 
to properties of welds after various types of heat 
treatments. 


16% Chromium-lron Alloys 


Since low carbon chromium-iron alloys con- 
taining more than about 18° chromium are fer- 
ritic alloys and incapable of being refined by heat 
treatment, the present trend seems to be toward 
keeping the chromium below that figure, or 
adding a little nickel, either of which converts 
the alloy into a pearlitic one, capable of heat 
treatment. The British “twoscore” alloy — 2% 
nickel, 20° chromium — is one example; in 
America the tendency would be to select a lower 
chromium steel (say, 16°, or even 15° chro- 
mium, no nickel) wherever the corrosion resist- 
ance would be suflicient. 

Considerable chromium-iron, containing 16 
to 18% of chromium, 0.10 (max.) of carbon, 
has been utilized by the chemical industry, 
notably for nitric acid equipment. Early equip- 
ment was riveted, and has performed admirably. 
However, the largest share of the chemical equip- 
ment being constructed today of this alloy is 
welded — a situation which would not nave been 
tolerated by chemical engineers five years ago. 

This change of attitude has come about by a 
better understanding of the capabilities of the 
alloys. Toughness of the true chromium-iron 
(ferritic) alloys is largely a function of the grain 
size. In the plate this is controlled in the steel 
mill by proper ingot practice to prevent large 
primary crystals, and by temperature control in 
rolling, especially at the last pass. Weld metal 
of corresponding composition is quite coarse 
grained, and the transition zone is also coarsened 
and embrittled no matter what welding rod is 
used. Fortunately, the alloys on the low side of 
the specification judged best for nitric acid (16 
to 18°. chromium) have enough of the character- 
istics of steel to be considerably benefited by a 
long anneal, say 4 hr. at 1400° F., followed by 
slow furnace cooling to about 1100° F., thence 
air cooled. Higher annealing temperatures 
should be avoided, else the grain size of the origi- 
nal plate will coarsen. 

Welding is done while the alloy is mildly 
preheated (250° F.). If cooled directly the joints 
will be extremely brittle. After annealing the 
toughness is quite sufficient for most services. 
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Parts subjected to impact should preferably hay 
an auxiliary structure to carry the stresses, or } 
constructed of metal of relatively low chromiun 
content (say 15 to 16%), thus achieving a com 
promise between toughness and corrosion r~ 
sistance. Since these alloys lose their brittlenes 
when warm, equipment which operates at moder 
ate temperatures is relatively free from thes: 
limitations. 

18% Chromium, 8% Nickel Alloy — Prob 
lems in connection with the welding of the im 
portant austenitic alloy known as 18-8 (carbon 
under 0.20°C, chromium within the range 17 to 
20°, and nickel 7 to 10%) largely center around 
the question of the corrodibility of the joint or 
its deterioration in service; it presents few dif- 
ficulties from a welding standpoint. 

A close chemical match can be obtained be- 
tween weld metal and adjoining plate. Leon C. 
Bibber, senior welding engineer, U. S. Navy 
Bureau of Construction and Repair, has sent some 
average results on all-weld-metal tensile speci- 
mens, annealed at 1800° F. for 30 min., then air 
cooled. 

In his opinion, 75,000 psi. ultimate strength 
as welded and 25% elongation should “pass” a 
welder on a qualification test, and warrant a de- 
sign on the basis of about 88% joint efficiency in 
a non-reinforced butt joint. Tests of bars welded 
in the vertical position are not materially differ- 
ent; overhead welds may be expected to be less 


Properties of 18-8 Plate and All-Weld-Metal 


18-8 Plate | and 
Annesled 


Ultimate strength 85,000psi. | 7/,000 to 78,000psi. 


Proportional limit 18,500ps/. \19,000to 25,000 ps. 
Yield point 42, 000psi. \ 50,000 to54,000ps". 
Elongation in 2 in. 59 % 18to25% 
Reduction of ares 70 % 24to50% 
Modulus of elasticity | 30,000,000 26,500,000 
Brinell hardness 129 tol357 


ductile and about 10% weaker. All bend speci- 
mens from any position should bend to an angle 
of 180° about a pin which is 2.5 times the thick 
ness of the plate (open side of the V in tension). 

After heat treatment the welds should b: 
ground smooth and flush. Soundness of the 
metal at the joint is of the utmost importance 
The entire surface to be exposed to corrosion 
should be pickled or sandblasted to remove al! 
scale, after which it should be passivated for not 
less than 1 hr. in a 20% nitric acid solution, fol- 
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ved by a thorough washing with water to re- 
ve all traces of acid. The vessel can then be 
ven any degree of polish desired. 
sh polish is in itself an inhibitor of corrosion, 
.d on many classes of work polishing may re- 
lace the pickling and blasting operations de- 
ribed above. 


In general, 


Corrosion at Welds 


Some there are who insist that an 18-8 alloy 
with moderate carbon content (especially with 
chromium and nickel on the high side) may be 
welded and placed into many kinds of service 
with impunity — as for instance, for apparatus 
handling food stuffs, liquor, and malt, and for 
atmospheric exposure, 

Others believe that the best insurance against 
eventual trouble is to use metal with the lowest 
possible carbon content (0.08 max.). If carbon 
is very low, the tendency to precipitate carbides 
along the austenitic grain boundaries at tempera- 
tures between 800 and 1500° F. is minimized. 
Even though it is impossible to weld without 
heating some of the metal to this dangerous 
range, the time may be short and the above- 
mentioned effect is therefore checked in the in- 
cipient stage, and the probability of penetration 
even by strong corrosives along grain boundaries 
is therefore minimized. 

Still others believe that damage done by the 
welding heat can be remedied by heating the 
structure to some temperature above the danger- 
ous zone, say 1900 or 2000° F., where any precip- 
itated carbides are redissolved in the austenite, 
and then cooling through the 1500 to 800 
at a speed suflicient to prevent re-precipitation. 


“ange 
range 


However, it is difficult to avoid sagging at such 
high temperatures, and even more difficult to 
ensure that all parts of it will be cooled at a suf- 
ficiently rapid rate. 

Finally there are those (and the Editor is one 
of them) who are confident that where service 
conditions indicate the possibility of trouble from 
intergranular corrosion, the best insurance is to 
use material that is alloyed with titanium and 
Stabilized, i.e. by a moderate amount of cold 
work followed by a heat treatment at about 1300 
F. This deposits titanium carbides throughout 
the austenitic crystals rather than at the grain 
boundaries. In using such metal the problem is 
to deposit weld metal that has the same inherent 
resistance to damage during prolonged heating 
at temperatures in the dangerous zone. 

Resistance welding is well developed for 
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The Dining Car Chef Can See His Reflection in the 
Fittings and Utensils Stainless Throughout 
Republic Steel Corp. and Missouri-Kansas-Tewvas Lines 


Courtesy 7 


manufacture of structures and machine parts, . 
and also for thin-walled tubing. The latter has _ 
been exploited by Steel & Tubes, Inc., which uses oN 
an adaptation of the so-called Gustav Johnson a 
process, described at length in the Sept. 1930 
issue Of METAL ProGress. 
Resistance Welding of Stainless, 


Clean strip of accurate width is passed 
through a series of forming rolls, emerging in ae ft 
the proper tubular section. Passing on, it im- Bore 


° 
mediately enters the welder, a very heavy struc- ; 
~ 

J tal 
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ture resembling a stand of a universal rolling 
mill. Here it is pinched from each side by suit- 
able rollers. The seam at the very top is strad- 
dled by a pair of hardened copper disks set 
parallel to cach other, and these rotate as the 
tube passes through, always making good elec- 
trical contact with the pipe below, and leading in 
an alternating current of correct voltage and 
amperage. Simultaneously, the tube is squeezed 
from the sides so that a 
combined resistance 
and pressure weld is 
formed with very 
slight upset both inside 
and outside. Grain 
growth along the nar- 
row zone is mitigated 
by the slight amount of 
hot work. 

This process is very 
successful with the low 
carbon, austenitic chro- 
mium-nickel alloys, 18- 
8, 25-12, and 25-20 (the 
first one especially), the 
product passing the 


Rapid welding obviously necessitates rig 
well-balanced equipment which will not th; 
any shock or vibration into the hot work. Tin 
must also be regulated accurately by positiy 
automatic mechanical and electrical control, 

Control of time is doubly important wily 
spot welding thin sheet of 18°. chromium, & 
nickel steel, either in isolated spots or in ove; 
lapping spots making a seam, especially why 
the heat effect is to | 
sharply minimized 
that the external su 
faces do not reach th 
temperature at which 
carbides tend to precip- 
itate. The process has 
been dubbed the “shot- 
weld” process th 
Edward G. Budd Mfg. 
Co., its leading propo- 
nent (see article by E. J. 
W. Ragsdale in Merar 
ProGcress for July, 1933). 


Time of current ap- 
plication may be con- 
trolled either by syn- 


standardized — crushing Finished Evaporator Unit for Monitor Top Re- chronous motor-driven 
and expanding tests. frigerator, Spot Welded From Two Stampings of cam-operated switches, 


While acceptable joints 
may be made in the 4 to 
6°) chromium steels, the process has not been 
adapted to the high chromium steels (12 to 14, 
Cr) or the chromium-irons (18() Cr and higher). 

More conventional resistance welders or 
“butt welders” are also commonly used for either 
18-8 or 16°. chromium steel. The amount of 
metal between the dies should be less than for 
mild steels; when the weld is complete the inside 
faces of the dies clear no more than ,‘, in. 

As the electrical resistance is approximately 
ten times greater, and the thermal conductivity 
10°. less than mild steels, it is evident that heat 
will be rapidly generated at the joint, vet car- 
ried back into the cold adjoining metal quite 
slowly. Furthermore, the operation is done 
quickly. The heat required will be about 15°, 
less than for mild steel, and the speed of weld- 
ing approximately 100°. greater. 

Since it is necessary to weld at high speed, 
no lag in electrical current can be tolerated. 
Hence the transformer bank must be of suflicient 
capacity. When welding mild steels a line drop 
at the welding machine of 10° is generally per- 
missible, but 5‘. is the limit tolerated for stain- 


less steel. 
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18-8 Stainless Sheet. Courtesy General Electric Co. 


or by thyratron vacuum 
tubes which can select 
even the correct time in the voltage wave. With 
the latter, seam welds are made automatically in 
18-8 sheet by overlapping spot welds at the rate 
of 72 in. per min., record speeds of 600 spots per 
min. have been achieved. 

A good example of the work done in this 
way is the evaporating unit for domestic refriger- 
ators shown in the cut above. Two flat sheets 
are stamped so that, when laid face to face, the 
necessary chambers and passages are formed. 
They are spot welded on *,-in. centers between 
corrugations, and seam welded completely 
around the edges. The unit is then bent into | 
form, and other attachments are made, usually 
by silver soldering. 

Other interesting applications of spot weld 
ing 18-8 alloy are in the fabrication of light 
weight, high speed passenger trains, and deck 
structures for sea going vessels. For this work 
the stainless sheet and strip is cold rolled to at 
ultimate tensile strength of about 150,000) psi. 
and by design methods developed by aircraft en 
gineers the metal is utilized so it has a strength 
weight factor of 6 or 8 to 1 as compared with 


standard structural steel shapes. 
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654 Madison Avenue 


For the Development and Protection of American Industry 


THE CHEMICAL FOUNDATION INCORPORATED 


Has Licensed its Basic Benno Strauss Patents 


Numbers 1,316,817 and 1,339,378 


To The Following: 


Acme Steel Company, 

Allegheny Steel Company, 

Alloy Metal Wire Co., Inc., 

American Chain Company, Inc., and Asso- 
ciate Companies, 

American Manganese Steel Company, 

American Rolling Mill Co., The 

Athenia Steel Company, The 

Babcock & Wilcox Company, The 

Babcock & Wilcox Tube Co., The 

Baldt Anchor, Chain & Forge Corp., 

Barium Steel Corporation, 

Bethlehem Steel Company, Inc., 

Bonney-Floyd Company, The 

Braeburn Alloy Steel Corporation, 

Cann & Saul Steel Co., 

Carpenter Steel Company, The 

Chicago Steel Foundry Company, 

Colonial Steel Company, 

Cooper Alloy Foundry Company, The 

Crane Company, 

Crucible Steel Casting Co., The 

Crucible Steel Company of America, 

Delaware Alloy Forge Co., 

Disston & Sons, Inc., Henry 

Driver-Harris Company, 

Duncan Foundry and Machine Works, Inc., 

Duraloy Company, The 

Duriron Company, Inc., The 

Eastern Rolling Mill Company, The 

Electric Steel Foundry, 

Electro-Alloys Company, The 

Electro Metallurgical Company, 

Empire Steel Castings, Inc., 

Enterprise Foundry Company, 

Forging and Casting Corporation, 

General Alloys Company, 

Globe Steel Tubes Company, 

Granite City Steel Company, 

Griffin Manufacturing Co., 

Heppenstall Company, 

Illinois Steel Company, and Subsidiaries of 
United States Steel Corporation 

Industrial Steel Casting Co., The 

Ingersoll Steel & Disc Company, 

Janney Cylinder Company, 


Jessop Steel Company, 

Kropp Forge Company, 

Kunkel & Son, Frank 

Larson & Sons, Incorporated, Charles E 

Latrobe Electric Steel Company, 

Lebanon Steel Foundry, 

Ludlum Steel Company, 

Michiana Products Corporation, 

Michigan Steel Casting Company, 

Midvaie Company, The 

Milwaukee Steel Foundry Company, 

Monarch Foundry Company, 

National Alloy Steel Company, 

National Forge and Ordnance Co., 

Newman-Crosby Steel Corporation, 

Ohio Steel Foundry Company, 

Otis Elevator Company, 

Pacific Foundry Company, Ltd., 

Pennsylvania Forge Corporation, 

Republic Steel Corporation, 

Riverton Steel Company, 

Rustless Iron Corporation of America, 

Sharon Steel Hoop Company, 

Simonds Saw and Steel Co., 

Sivyer Steel Casting Company, 

Standard Alloy Company, Inc., 

Struthers Wells-Titusville Corporation, Titus- 
ville Forge Company Division, 

Superior Steel Corporation, 

Symington Company, The 

Taylor-Wharton Iron and Steel Company, 

Timken Steel & Tube Company, The 

Union Electric Steel Corporation, 

Universal Steel Company, 

Utility Trailer Manufacturing Company, 

Wallingford Steel Company, The 

Warman Steel Casting Co., Ltd., 

Washington Iron Works, 

Wehr Steel Co., 

Weirton Steel Company, 

Western Crucible Steel Casting Co., 

West Leechburg Steel Company, 

West Steel Casting Company, The 

Wheeling Steel Corporation, 

Whitehead Metal Products Company, 


Chromium Nickel Alloy Steels (Stainless Steels), coming within the chemical 
analyses of the patents mentioned above, must be purchased from our licensees 
for protection against claims for infringement for use as, or for the further fabri- 
cation of, ARTICLES WHICH REQUIRE HIGH RESISTANCE AGAINST 
CORROSION AND OBJECTS HAVING GREAT STRENGTH AND 
GREAT RESISTANCE AGAINST THE ACTION OF ACIDS. 


THE CHEMICAL FOUNDATION INCORPORATED 


Chartered for the Advancement of Chemical and Allied Science and Industry 
in the United States without Financial Profit to Itself. 


Francis P. Garvan, President 
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REG.U.S.PAT. OFF. 


decorative BRIGHT ZINC on steel articles can now be carried out | 
efficiently and economically. This new du Pont process opens 
- up entirely new fields for zinc plating. It provides, at low cost, 


E. 1. Du PONT DE NEMOURS & COMPANY, 1 
_ Wilmington, Deleware 

Philadelphia, Pittsburgh, San Francisco 


DU PONT BRIGHT ZINC WILL BE DEMONSTRATED AT BOOTH E 31, NATIONAL STEEL SHOW, SEPT. 30— OCT. 4 
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NOUA ORBIS TERRARUM 
MERIDIANO TABB. 
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FROM ALL OVER THE CIVILIZED WORLD 


England, Scotland, Wales, France, Spain, Holland, 
Luxembourg, Germany, Italy, Sweden, Finland, 
Poland, Czechoslovakia, U.S.S.R., India, 


Australia, China and Japan 


come orders for the INTERNATIONAL AUTHORITY 


THE BOOK STAINLESS STEELS 


2nd Edition 


Written by 82 Metallurgists and Engineers for Users of 
Heat Resisting and Corrosion Resisting Alloys 
Organized and Edited by Ernest E. Thum 


813 pages Price $5.00 292 Illustrations 


Published by 


THE AMERICAN SOCIETY FOR METALS 


7016 Euclid Ave., Cleveland, Ohio, U.S.A. 
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SHRVANT OF LNDUSTRY 


zation in the steel requirements of modern indus- 
try is reflected in ever-higher standards in the making 
and treating of steels. In recognition of the growing 
importance of precision heat-treatment, Bethlehem 


is placing the main emphasis on facilities for heat 


marked tendency toward increased speciali- 


treating in its exhibit at the National Metal Show. 
Facilities that embody the most advanced prac 
tice, not only in heat-treating but in rolling, teeming, 
melting, and other divisions of steelmaking, are im 
portant factors in Bethlehem’s position as capable 
servant to steel-consuming industries of every class. 


MO} 
(0 4 
: 
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B HLEHEM EEL COMPANY ae 


The Bethlehem Exhibit 
at the National Metal Show 


| “ISITORS to the National Metal Exposition will find working 

models depicting the operation of two Bethlehem departments 
which contribute importantly to Bethlehem’s ability to serve present 
day transportation and industry. 


Heat-Treatment of Wrought Steel Wheels 
¥ ye HEAT-TREATMENTof the rims of wrought steel wheels, 


a development pioneered by Bethlehem engineers, gives 

Bethlehem Wheels great hardness and toughness, effectively 

4 armoring them against wear. These are the wheels that are 

Aes / le. in use on the Burlington’s Zephyr and other fast trains of 
both the new light-weight and conventional types. 

The working model at the National Metal Show portrays the entire heat- 
treatment process. You see the wheel enter and leave the furnace. You see it 
quenched, charged into the drawing furnace, taken by a crane to the cooling pit. 

In addition to this working model, transparencies will depict the forging 
and rolling processes by which Bethlehem Wheels are made. 


Electric Heat-Treatment of Bars 


BETHLEHEM'S electrically operated bar heat-treating 
plant is the largest in the world devoted to the hardening and 
annealing of mill-length bars. It embodies the most recent 
improvements in heat-treating practice, applying on a com 
mercial scale the exact methods of the laboratory. 

In the working model the automatic charging of the bars 
into the pre-heating furnace is shown, and their automatic transfer to the high- 
temperature furnace. The bars are then shown leaving the high-temperature 
furnace and being picked up by the crane, which carries them to the tank where 
they are quenched, after which they are deposited on the discharging rack. 


O ther noteworthy features of the Bethlehem exhibit will include 
the following products: 


Bethlehem Alloy Studs and Bolts Bethanized Wire 


Tuese studs and bolts, made from specially A BeTrHtenem development of far-reaching 
developed alloy steels, are Bethlehem’s importance. Bethanized Wire 1s steel wire 
answer to the need of industry, particu: zinc-coated by a new process which results 
in lighter, purer, more ductile and heavier 
coatings than were ever before possible. 
Chain-link and farm fence and other 
products made from this new kind of zine- 
coated wire will be exhibited. 


larly the oil, power and chemical fields, for 
fastenings capable of long, trouble-free 
service in installations involving exposure 
to high pressures and high temperatures, 


and corrosive action. 


The exhibit will also include Bethlehem Bethadur and Bethalon 
Hot-Forged Nuts, Heat-Treated and Oil’ steels,cover- 
Quenched. ing a wide range of uses. 


BETHLEHEM 
Servant 


of I ndustry 


Bars and Bands 
Special Rolled Sections 
Semi-Finished Steel 
Alloy Steels 
Bolts, Nuts, Rivets 
and Spikes 
Pig Iron 
Forgings 
Steel Castings 
Vrought Steel Wheels 
Forged Steel Axles 
Rolled Steel Blanks 
Trackwork for Steam, 
Electric, Mine and 
Industrial Railways 
Steel Freight and Passenger 
Cars 
Mine Cars 
Oil-Burning Equipment 
Rails and Accessories 
Steel Pipe 
Boiler Tubes 
Steel Sheets 
Tool Steels 
Tin Plate 
Stainless Steels 
Tools 
Wire and Wire Products 
Woven Wire Fence 
Steel Fence Posts 
Structural Shapes 
Steel] Plates 
Flanged Products 
Concrete Reinforcing Bars 
Steel H-Piling 
Steel Sheet Piling 


GENERAL OFFICES: BETHLEHEM, P 
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{ Bethlehem Dastrat Off sre located at Atlanta, Baltimore, Boston, Brdg Buffal hicago, Cincinnati, Cleveland, Dallas, Detroit, Houston, Indianapolis, Kansas Coty, Milwauk New York 
a Pt phia, Pittsburgh, Sun Antonio, St. I St. Paul, Washington, Wilkes-Barre, York. Pacific Coast Distributor: Pacific Coast Steel Corporation, San Francisco, Seattle, Los Angeles, Port 
ote | Sault Lake City, Honolulu. Export Distributor: Bethichem St Export Corporation, New York 
i meri BETHLEHEM STEEL COMPANY 
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NON-FERROUS 


Silver and Copper Still Crowd lron and Steel to the Rear Rank Where 
Beauty and Artistic Form is More Prized Than Utility... . . In Air 
Transportation, a Steadily Growing Industry, Light Metals are Predom- 


inant for the Structure of Planes Carrying More than Three Passengers 
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Extruded Shapes of Aleoa Aluminum are ver- 
satile cost-savers. Here's how you use them: 

Dispose your metal on your drafting 
board as closely as possible to perfect engi- 
neering requirements, as well as to highest 
standards of appearance. Then order a shape 
exactly like that! 

Reduced to simplest: terms, that is the 
principle of the extruded shape. 

You can get a strong alloy of Aleea 
Aluminum, with physical characteristics 
suited to your requirements. You get accu- 
rate extrusion to your individual 


specification, 


You can combine, in one integral metal- 
saving shape, two, three, or more standard 
shapes that are ordinarily mechanically 
assembled. That cuts both material costs 
and assembly costs. 

You profit by these savings and by the fact 
that the per-foot cost of such shapes is really 
moderate. 

Experienced engineers will be glad to help 
you make the fullest use of these advantages. 
Your needs will find real production 
facilities available. ALUMINUM COMPARY OF 

amER ICA, 1801 Gulf Building, Pitts- 


burgh, Pennsylvania. 
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IR TRANSPORTATION TOOK THE 
role of a recognized competitor of other forms 
of transportation in the suinamer of 1929 when 
the United Air Lines initiated a 30-hr. service be- 
tween New York and Los Angeles. It was not 
until about 4 vears later, however, that the air- 
plane designer and builder finally realized that 
the only excuse for air transportation is speed. 
rhat this idea flourished is demonstrated by the 
fact that whereas the cruising speed of the air- 
plane selected in 1929 for the transcontinental air 
line was 100 miles per hr., the modern transport 
now cruises close to 200. 

How is this performance attained? It is 
brought about by a cumulative improvement in 
(a) the 
plant, and (c) materials. 


properties, (b) 
Before discussing the 


aerodynamic power 
last in some detail, a few words about the first 
two are in order. 

Improvement in aerodynamic properties by 
the reduction of parasitical resistance has nearly 
achieved its maximum. For instance, the 1929 
all-metal biplane had an equivalent flat plate 
area of 25 sq.ft. This has been now reduced to 
2 sq.ft. by elimination of wires and struts, by 
retractable landing gears, and by better stream- 
lining, cowling and placement of all remaining 
elements. 

The increase in speed obtained by greater 
horsepower is much more costly than that result- 
ing from the reduction of resistance, but there is 
no apparent limit to it. Thus — the 1930 Mitchell 
lrophy races at Selfridge Field 
were won at 147 miles per hr. 
with Army pursuit planes; this 
had grown to 217 miles per hr. 
in 1934 with 700-hp. 


motors. 


OCTOBER, 1935 


By J. B. Johnson 

Chi f Materia 

War Department Air Corps 
Dayton Ohio 
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METALS USED 


IN ATITRCRAFT 


The world’s speed record is held by a Macchi 
airplane H0 miles per hr. but it has 3100 
hp. Of course, metallurgy has played an impor- 
tant part in these powerful, eflicient engines, but 
the present article has principally to do with the 
last item listed above namely, materials for 
the structure. 

The gross weight of the airplane may be 
conveniently divided into three parts; (1) struc- 
tural weight, including wings, fuselage, chassis, 
controls, tanks, seats and furnishings actually 
essential for flight; (2) power plant, such as en- 
gines, propellers, accessories and starters; (3) 
the variable load, which includes pay load, fuel 
and oil, crew and instruments for navigation and 
communication, An analysis of several airplanes 
representative of different types in production 
in 1930 and again in 1935 indicates that the struc- 
tural weight was 40°. of the total in 1930 whereas 
a reduction of about 5% 
(Com- 


it is now about 35°, 
of the total for the most eflicient design. 
mercial transpérts may be about the same as in 
1930 due to the additional weight in furnishings 
for the comfort and convenience of passengers.) 
There has been no appreciable change in the per- 
centage weight required by the power plant, both 
figuring about 20°. of the total, although the 
available horsepower has increased. This means 
that the useful load in 1935 is about 45° of the 
total or gross weight, whereas it was only 40% 
in 1930. The 1930 estimates include not only 
transports with wooden wings and steel fuselage 
but also the aluminum alloy monoplanes with 
three engines then in use. 

The diagram on the next 
page shows a comparison of ma- 
terials used for large airplanes in 
1950 and 1954. 
bomber and a 


Br h 
In both years a 
transport were 
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analyzed. If we do not consider the small sport 
or private airplanes, all-metal construction might 
be called “aluminum alloy construction,” as alu- 
minum and aluminum alloys represent 75‘: of 


sional tail loads, and, in the single engined 

plane, to carry the power plant and to do 
this with the least aerodynamic resistance 9 
structural weight. When suitable materials w 
developed, it was or 
natural to build th 


100 


into the structure 


Aluminum 


od Alloys 1930 


that they carried loads 
as Well as gave the ae 
dynamic shape. Hen 
the industry has turned 


to the shell or mono- 
S - coque, which we might 

& 40 similarly call the silhou- 
= Alloy Stee! et te age of airplan 

design. 
20 — Aluminum — oe In its purest form it 
TA | Stee/ © Misce/- would be a shell with- 
| Textiles /aneous out supports. If it could 
oO} — 


Analysis of Materials of Construction of Structure of Large Bombers and Trans- 
ports Shows That Aluminum Alloys Now Comprise About Three-Quarters of It 


the structural weight. A> reasonable estimate 
would be a total of 6,000,000 Ib. of aluminum for 
airplane construction in 1985. The chart shows 
about 25‘. of the structure is steel (exclusive of 
engine, as above noted) and the small remainder 
is miscellaneous material including copper-base 
allovs, phenolic compounds and rubber. 

The selection of material for the airplane 
structure is influenced largely by basic design, 
which is often established by production costs 
and selling price rather than optimum efliciency. 
An excellent example of 
this is the development 
of the fuselage. The 
welded steel fuselage was 


be built like an egg it 
would have great 
strength, but since ther 
must be doors the semi- 
monocoque has proved the most practical. As 
shown in the accompanying photograph of a fus 
elage section in an assembly jig, it uses a series 
of transverse bulkheads and rings to preserve tly 
contour of the fuselage and a few longitudinals 
to stiffen the skin and assist it in carrying thi 
vertical and horizontal loads from the tail. ‘The 
skin must be of sufficient thickness so that when 
it wrinkles it will not take a permanent set. In 
the case of the more modern fuselages and hulls 


the aluminum alloy skin is laid flat on the inter- 


at the peak of its popu- 
larity in 1931 and 1982, 
and is still the preferred 
type for small training 
and sport planes. But 
the trapezoidal shape is 
not good aerodynami- 
cally. It requires a false 
superstructure of stays 
and fabric we might 
call it the hoop skirt age 
of airplane design. 

The functions of a 
fuselage are to house 
properly the crew and 
load, to transmit the ver- 
tical, horizontal and _ tor- 
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Semi-Monocoque Fuselage Section Being Assembled in a Jig. Note system o/ 
transverse bulkheads and rings to support skin, and a few longitudinals t 
assist skin in carrying loads from wings to tail. Courtesy Glenn L. Martin Co. 
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m View of 25-Ton Flying Boat Constructed for Trans-Pacific Flights by Glenn L. Martin Co. for Pan-American Airways 


A corrugated reinforcement is 
The bulkheads are generally 


nal framework. 
sometimes used. 
built-up frames with flanges for attaching the 
skin. Extruded sections in the form of bulb an- 
ules, tees and channels are popular. 

This type of construction also makes avail- 
able the maximum amount of space, as shown by 
the interior arrangement of the seaplane con- 
structed) for Pan-American Airways for the 
lrans-Pacific air line. This is the third largest 
seaplane ever built.” It weighs 51,000 Ib. and has 
a maximum speed of about 180 miles per hr. It 
will carry its full passenger load about 1200 miles. 

There are two types of wing arrangement 
which have been used almost exclusively, the bi- 
plane and the monoplane. The biplane arrange- 
ment of two thin rectangular surfaces joined by 
a Warren truss is not particularly adaptable to 
all-metal construction; in it the conventional 
wing construction consists of two spars or beams 
to which the air load is transmitted through a 
system of ribs supporting a skin of doped fabric. 
Spruce and plywood are quite satisfactory and 
are used for most airplanes carrying up to three 
passengers. 

The first shift to metal construction in wings 
of the larger planes was the substitution of metal 
ribs attached to wooden beams. This was fol- 
lowed by metal beams of many types, such as 
extruded aluminum alloy I-beams, welded and 
heat treated trusses of chrome-molybdenum steel 
tube, and built-up sections formed from thin 
sheet metal. No change was made in the arrange- 
ment of the beams and ribs, simply a replace- 
ment of wood with metal. These have been rea- 
sonably successful. 

With the more general use of the monoplane 
with a thick cantilever wing which tapers both 
in the horizontal and vertical plane, new forms 
of construction have been evolved. The canti- 
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lever wing is heavily loaded at the root and if 
the wing can be made thick enough, there need 
be no external supports. The thickness at the 
root is seldom less than 10 in., and may be more 
than twice this. The conventional front and reat 
beams have therefore been discarded for a cel- 
lular structure fabricated from high tensile sheet. 

As shown by the photograph on top the next 
page, this assembly is in effect a large box beam, 
which forms the middle section of the wing. It 
supports the principal flying loads and forms the 
attachment for the leading and trailing edges, 
which are often made detacheble. The web 
members of the box are solid plates reinforced by 
vertical stiffeners but with practically no flange 
area. Top and bottom of the beam are made of 
a combination of corrugated and flat sheet, the 
latter on the outside to give a smooth skin and 
the corrugations to give longitudinal stiffness. 
Extruded shapes riveted to the smooth skin in- 


side may be used instead of corrugated sheet, 
Wrought Aluminum Alloys 


Aluminum alloy construction is a symphony 
of rivet patterns. It requires more than 100,000 
rivets to build a 14-passenger transport, and the 
present contracts for military airplanes will re- 
quire more than 50 million rivets! There are two 
general types, one of which is driven within two 
hours after quenching (unless held at low tem- 
peratures to retard aging). The other type of 
rivet contains less alloving elements, and the al- 
lov is such that it age hardens very little at nor- 
mal temperatures and so may be driven any time 
after quenching. The allowable shearing strength 
of the former type 30,000 psi., and the latter 
25,000. 

The wrought allovs may be classified as 


those which are hardened by cold work, and 
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Modern Method of Wing Construction Wherein Principal Loads Are Carried by Box 
Beam Construction. Webs (here shown horizontal) are of high tensile sheet, and top 
and bottom of wing (here shown vertical) complete the beam. (Douglas Aircraft Co.) 


those hardened by heat treatment. The latter 
can be subsequently cold worked with a still fur- 
ther increase in tensile strength but at the ex- 
pense of a considerable loss in ductility. Both 
types have been extensively employed in air- 
craft construction. Their chemical analyses, ten- 
sile properties and endurance are given in the 
large table on the opposite page. 

The 99° aluminum alloy, often designated 
“pure aluminum,” was at one time used univer- 


30 
| 
24 Cu 4.2% 
Mg 1.5 
Mn 0.6 \ 
S 18 Al Rem. 
\ 
& 12 | 
~ 


62 64 66 68 70 16 20 24 28 
Tensile Strength, /000 psi. Elongation in 2in,% 


Frequency Curves for Results of Tensile Tests on 
a Great Number of Aluminum Alloy Sheets, 0.015 
to 0.168 In. Thick. Analysis: Copper 4.2, magnes- 
jum 1.5°, manganese 0.6, aluminum, remainder 
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sally for cowling, tanks, fairing and such parts. 
The desire for higher vield strengths has caused 
the adoption of a 1.5°° manganese alloy for many 
welded tanks. The manganese-magnesium-alu- 
minum alloy and the 2.5°. magnesium alloy hav: 
also been used to a limited extent for ring cowls, 
fairing and in a few cases for control surfaces 
and structural parts to replace heat treated alloys. 

The choice is often a compromise between 
strength and workability. In some designs the 
stresses are so distributed that the stiffness (as 
determined by the modulus of elasticity) is the 
controlling factor and since the modulus does not 
change with the alloy, the non-heat treated, lower 
cost alloy is used. 

The alloy used almost exclusively for the 
structural members and highly stressed skin o! 
the recent designs is a modified duralumin or 
super-duralumin designated 24-S by the Alu 
minum Co. of America. It has the same nomina! 
composition as duralumin (4° copper and a 
small amount of manganese, silicon, and iron), 
but the magnesium content has been increased 
from 0.5% to 1.5%. The improvement in physica! 
properties is worth while. The specification 
values for the new alloy are from 15 to 20 
higher for the tensile strength and vield strength 
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ith practically the same elongation. What this 
eans to the airplane designer may be appraised 
y the statement that the saving in weight for one 
esign in changing from duralumin (17ST) to 
iper-duralumin (24ST) was 150 lb., or approxi- 
nately 4% of the structural weight! It 
iarkably uniform in properties; a frequency 
hart computed from tensile tests on specimens 
selected from every sheet used in a large produc- 
tion contract in the range of 0.015 in. to 0.168 in. 
indicates that the uniformity of this alloy is ex- 
ceptional. The standard deviation is approxi- 
mately 1600 psi. (See the chart opposite.) 
This alloy can be aluminum coated in sheet 


is re- 


form in a manner similar to “alclad,” and in this 
form the material, now standard for seaplanes 
and amphibians, will come into more general use 
as an unpainted covering for airplanes. A recent 
example of the eflicacy of alclad is the history of 
two Ford airplanes which were flown in the Mid- 
dle West approximately 1200 hr. over a period 
of 4 vears. One was finished with unpainted 
duralumin and the other with unpainted alclad 
duralumin. An examination indicated no visible 
deterioration but the tensile properties of the 
alclad material equaled those of the original, 
whereas the uncoated sheet had lost 20° of its 
tensile strength and 80% of its ductility. 
Aluminum alloy castings fully heat treated 


by a solution treatment, followed by the aging 
treatment, have been used extensively in air- 
craft construction for brackets, rudder pedals, 
hinges, control arms, bearings and other parts. 

The accompanying table gives the typical 
analysis and principal mechanical properties of 
the light alloys used for the structure and engine 
parts, together with a brief list of common uses. 
One or two footnotes are necessary. The fatigue 
limits were determined on R. R. Moore rotating 
beam machines, the specimen being machined 
from bars and forgings less than 1 in. diameter, 
and the cast specimens tested full size without 
Tests were carried out to 500,000,000 
cycles except those marked (a) which have been 
carried out to only 100,000,000. 


machining. 


Magnesium Alloys, Cast and Wrought 


Magnesium alloy sand castings have been 


used continuously for aircraft engine starter 


housings since 1924. They are now used quite 


extensively for engine parts such as rear acces- 


sory cases and blower sections, oil pans, oil 


pumps, camshaft bearings and rocker box coy- 
ers. The change to a magnesium casting for a 
rear section of an engine casing was responsible 
for a saving of 30 lb. in one noteworthy case. 
Some such castings have also been used for foot 


Light Alloys Used in Aircraft Construction 
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| 
Nomina! Composition; PerCent | rensie | vied | |Brine!l| ratoue | 
/ Ig Si | Mn | Others in 2ln ness 
| Sheet, Tubes, Bars 
99 16,000 to 7(e/| + 0. fark 
Rem 19.5 7000 | 3106 9 | 
Rem. 1.2 1.2 55 Jto8 e/a 
Rem. | 2.5 Cr0.25| 34,000 5 to10 ne, fa f vering 
Rem 0.514 0.5 50,001 0 15,001 Pilt fure 
Rem 1.5|42 0.8 62.000 4 15 105 14,006 
0.5 4 O5 5( X 16 
ReMi 1.5142 0.6 56,006 37,000 15 L 
Forgings 
Rem 0.4 |44| 0. 0.8 65,000 50,000 1O% 4,000 Airplane fitting 
Rem 4.51|0.8|08 55,000 30,000 16 OL 14,000 Prope//ers, airplane fittings 
Rem 0.6 Cr0.25| 43,000 354,000 12 90 10,500 nankcases.engine housings 
Rem. 4.5|08|08)|S5n70.05| 60,000 40,000 12 120 14,006 Propellers, fittings 
Rem. / 4 |%2 Ni } 52,000 40,000 5 0 14,000 Pistons 
hem. | 0.5) 4 Ni 2 55,000 35,000 10 Pistons 
6.5 Rem 40,000 23,000 6 6C 14,000 Propellers, engine NGS 
Castings 
Rem. 52,000 18,000 3% 80 9.00C Airplane fittings, wheels 
Rem. | 0.5 7 0,000 20,000 3 90 8.000 | Airplane fittings, wheels, crenkceses 
Rem 5 18,000 7,000 65 40 5,000 '3!\ Fuel line fittings, carburetors 
Rem. 21,000 10,000 5 50 5,000 Carburetors , fittings, fuel iryector 
Rem. 105) 12|5 32,000 20,000 92 7,500 Liguid-cooled cy/ heeds end jackets, 
Rem. 15 Ni 2.0 32,000 20,000 0 &,000(/8/\ Air-cooled heads, pistons, bearings 
Rem 0.2 |10 75,000 29.000 OC Do 
Rem. 10 40,000 22,000 i} 85 7,500 Airpiane fittings 
Rem. 45 32,000 18,000 2 60 Die castings 
Rem. 12 73 000 16.000 15 80 De 
10 Rem. | O7 50,000 18,000 / 65 9.000 Engine castings, whee/s 
See text Aluminum coeted material [A/c/ad / Cold rolled sheet, v2 hard Quenched and aged varies with thickness 
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control pedals and for accessories on seats and 
Noor, and for landing gear wheels. Magnesium 
allovs are not recommended for water-cooled 
evlinder blocks or air-cooled cylinder heads or 
pistons that is, for parts requiring high 
strength at elevated temperatures. 

An aluminum-manganese-magnesium alloy 
with a tensile strength of 10,000 psi. in sheet and 
extruded shapes has been used in) connection 
with fuselage cowling, seats and fairing. Such 
uses are more extensive abroad than here. In 
kurope magnesium alloys are frequently used for 
propellers, cowling, fuel tanks, and some struc- 
tural members. 

The greatest drawback to the more extensive 
use Of magnesium is its lack of resistance to cor- 
rosion in salt air or salt water. A treatment con- 
sisting of a dip in a solution of nitric acid and 
potassium dichromate produces a surface film 
which forms some protection against corrosion, 
but its principal value lies in the improvement of 
the surface as a base for paint coatings. A good 
solution for this purpose is made in the follow- 
ing proportions: HNO, 20) Na(CrO.) 15 


grams, water SO c.c. 
Copper-Base Alloys 


Copper and copper-base alloys have a very 


limited application to the airplane structure on 


Tests on Light Alloys et -4OF. 


account of their high specific gravity. Copper 
used for radiators and fuel lines. The latter ; 
now soldered with a lead-silver solder contain) 
oO’, silver which has a strength at operating t 
peratures more than three times that of the con 
mon lead-tin solder. Some other properties | 
well as of cadmium-silver solder) are given 


the table below. 


Properties of So/ders 


lesd-Jin \lead-Si/ver 
(50% Pb,50%Sn)| (94% Pb, 6 %Ag) 


Melting range|\ 370to450F.| 580 to 700¥. 617 OF. 
Shesrat 7OF. | 258Ops7. 24 70pSI. 2 180ps/. 
Shear at 550 F. 44) psi. 1556psi. LE O05 ps 


Durelumin| Magnesium 
(25-8) Casting (9%ALO5%Zn) 


Tensile strength | 55,000psi.| 39,000 psi. | 48,000 psi. 


Reduction of erea 


Change +5 % 0% 
Yield strength | 58, 000psi. 
| 31, 500psi. 40, 000psi. 
Change 45% 45% 
Elongation in 16% 1% B5% 
135% 1% 7% 
Change -18% O% 182% 
22% 12% 
-40°F. 20% % 
Change -~9% -4P% 
Izod impact I Zft-lb. Ft-lb. 
1 Ft-/b. Of t-/b. 
Change 0% 
Brinell hardness +70. 102 121 24 
105 115 78 
Change 43% -5% 45% 


Fatigue limit +70. | 13,000psi.| 7,000psi. | 15,000psi. 


-40F. | 58,000psi.| F9,000psi. | 58, 000ps/. 


~40%. 16,000psi.|_ &, O0Opsi. 18, 


Change 423% 414% +20% 
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High tensile bronze is used to some exten! 
for landing gear and tail wheel fittings. The lack 
of uniformity in the properties of the casting has 
been a drawback. The specification require 
ments of 100,000 psi. tensile strength, 60,000 psi. 
vield strength, 20°, clongation, and Brinell 20 
can be maintained on test bars, but sections cut 
from castings are generally lower in 
strength, and the elongation may be very low 
(3.9',). Analysis of one such bronze is 58°) Cu, 
1.7°. Fe, 3.0% Mn, Al, remainder zine. ‘Thi 
silicon-copper bronzes, containing 3‘~ silicon and 
about 1‘, manganese or zine have been used for 
fuel line tubing and for castings in fuel and oi! 
lines as a substitute for red brass (85 Cu, o Sn, o 
Pb, 5 Zn). 

Bervllium-copper alloys have found use in 
small flat and helical springs to replace phospho: 
bronze, since the proportional limit is consis! 
ently higher than for phosphor bronze after thy 
fabricated spring has been given an aging treal- 
ment by heating for 6 hr. at 525° F. 


Nickel Alloys 


Stainless steels of the 18%) chromium, 5 
nickel type, low in carbon and “stabilized” wil 
titanium have given very satisfactory service | 
exhaust manifolds and stacks. “Inconel,” a his 
nickel-chromium alloy with little iron, also i 
sists corrosion by exhaust gases containing lea 
bromide from the burning of doped gasoline. | 
has the advantage of being free from = carbic 
precipitation at red heats. It does not cold wo! 
as rapidly as the austenitic corrosion resista 
steel and welds readily to form a ductile sean 
Service tests indicate (Continued on page 150 
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FOR DEEP DRAWS 


WITHOUT ANNEALING 


The shell at the left, a coffee urn lid in the 
making, was drawn to a depth of 5! 4’ in 
a single draw, from a 20-gauge Seymour 
18°, soft Nickel Silver circle 21” in 
diameter. No giant press was used; the 
work was done on a No. 2!» Bliss Draw 
Press. 


Absence of annealing, a process which 
softens a shell all over, is an advantage, 
as it preserves strength where strength is 
needed—at the top in this case. 


Seymour Nickel Silver is a highly ductile 
alloy. In drawing or spinning, it flows 
smoothly without strain. Coming out free 
from splits and open pores, it usually 
avoids the grinding operation. Also an 
advantage, where the article is to be 
silver plated, is the silvery white color of 
Seymour Nickel Silver, which, when ex- 
posed by wear, matches the surrounding 
plate. 


The rotating assemblies in the 250-volt, 
60-ampere heavy duty switch at the right 
are made of Seymour Phosphor Bronze 
because of its strong spring tension and 

good conductivity. 7 


At each “ON” throw of the switch, 
these assemblies, composed of two 
plates, are driven into contact with ter- 
rific force by heavy coiled springs, the 
impact separating the plates to effect the 
grip on the contact plate. This grip 
must be sustained for many years; and, to 
make sure of it, the assemblies are put 
through a ‘fatigue’ of 50,000 impacts! 
Evidence of the ability of Seymour 
Phosphor Bronze to stand such rigorous 
service is the fact that it is used for just 
such purposes by a very important 
part of the electrical industry. 


If you wish samples of Seymour Nickel! Silver or Phosphor Bronze 


FOR SWITCH CONTACTS 


THAT MUST STAND FATIGUE 


for test purposes, please call on us at any time. 


THE SEYMOUR MANUFACTURING COMPANY, 65 FRANKLIN ST., SEYMOUR, CONN. 


Specialists in 


NICKEL SILVER & PHOSPHOR BRONZE 


REMEMBER THE NAME 
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AIRCRAFT ALLOYS 


(Continued from page 128) that the annealed and 
sand blasted Inconel resists atmospheric corro- 
sion better than 18-8 in the same condition. 

Use of corrosion resistant steel for the main 
structural members of aircraft is still in the ex- 
perimental stage. Progress has been retarded 
due to the lack of design data which must be 
accumulated before the strength-weight ratio of 
the structures will compete favorably with alu- 


minum alloys. 
Properties at Low Temperatures 


The certainty that aircraft will operate at 
low temperatures in the range of —50° (corre- 
sponding to approximately 30,000 ft. altitude) 
has led to rather complete tests to determine the 
effect of such temperatures on the materials of 
construction. The cold room at Wright Field is 
equipped with rotating beam fatigue testing ma- 
chines, an Izod impact machine, Brinell hardness 
tester, and tension testing machines. Most of 
the fatigue and tensile results have been obtained 
at —40° F. Notched bar impact tests have been 
made at several temperatures down to —55° F. 

All the metals used in the structure of the 
airplane have a greater tensile strength and 
higher fatigue limit at —40° F. than at 70° F. 
The effect on ductility as indicated by elongation 
and reduction in area is erratic, but not par- 
ticularly significant. (An exception is 18-8; an- 
nealed samples have these values lowered, but 
in cold drawn and cold rolled samples they are 
markedly increased.) Figures are given in the 
table on page 128. 

Stratosphere flying opens up fascinating 
problems. The lower density of the air, which 
at 30,000 ft. is only 37% of that at the earth’s 
surface, must be counteracted by supercharging 
so that the normal 16 to 1 ratio of air to fuel on 
the ground will be maintained. Controllable 
pitch propellers, which will permit resetting to 
obtain greater angles in the less dense atmos- 
phere, are essential. Low density air has less 
resistance and meteorological observations indi- 
cate that prevailing winds are steadier and have 
a high velocity. For high altitude flights, passen- 
ger and pilot compartments must be sealed so 
that the pressure and the oxygen content will be 
equivalent to the conditions existing at about 
10,000 ft. These conditions bring up new metal- 
lurgical problems. 


130 


This paper has covered briefly the pres 
status of metallurgical development and its 
fect on basic design. Not only has performa; 
been improved but safety, a primary requis 
for all forms of transportation, has been 
hanced. There were no airplane accidents 
regular transport air lines in 1934 which ¢| 
Bureau of Air Commerce analyzed as structu 
failures during flight. Progress in aviation has 
been steady throughout the depression. Th 
passenger miles flown in 1934 show a gain ove; 
1933. Aviation Magazine estimates a dollar bus 
ness this year that will be 50° greater than 1935 
Engineering developments are still toward in 
creased speed; in fact, the 300 miles per hr. trans 
port is a distinct possibility in the near futur: 
Engine power is being increased through refine- 
ment of design, such as vibration dampeners and 
fuel injection systems. Fuels with a 100% octane 
rating are procurable, which have improved the 
horsepower outputs from 15 to 30°. 

We are on the threshold of extensive experi- 
mental flying at higher altitudes to determine the 
practicability of transporting passengers under 
these conditions. It is achievements of this type 
in all fields that will give the impetus to another 
era of expansion. 


ALUMINUM 


for 


LIGHTNESS ECONOMY 
EASE OF FABRICATION 


VIRGIN INGOTS 
SHEETS BARS SECTIONS 


as produced by 
THE BRITISH ALUMINIUM CO., Ltd. 


by 
ARTHUR SELIGMAN & CO. 


INC. 
R. C. A. Building 30 Rockefeller Plaza 
NEW YORK 
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ANaconba SEAMLESS TUBES are produced in a wide 

range of copper alloys...in practically every conceivable shape and size. 

Anaconda seamless tubes offer rigidity of construction, coupled with 

po pA lightness in weight. They are rust-proof and durable... attractive. ..and 
from mine to consumer often far more satisfactory than similar parts fabricated from sheet. 

—" We are prepared to supply a large number of stock shapes and sizes 


...and to quote upon and produce tubes to your individual specifications. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut 
Offices and Agencies in Principal Cities 
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FOXTERRIERS 


ON Th IE YU) 


Foxterriers on the Yukon would prove equally 
hazardous as an attempt to use an untried 
electrode on a corrosion or heat resisting alloy . . 
Equivalent dependence must be placed on these 
alloys as directly compared to the life, property and 
reputation glorified by the huskies on the long 


pull in the north. 


If you use stainless alloys, why not 
consult the oldest exclusive manufac- 


turer of Alloy Electrodes? 


We have the most complete facilities 
MAURATH'S Alloy 


Data Book and Pri 
List, containing a 
wealth of useful ir 
formation, is you? 
without obligatic 


for the production of Alloy Electrodes 


in the welding rod industry. 


MAURATH, Inc. 


7500 Union Cleveland, 
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CUTTING 


Welding — Obviously Excellent for Joining Two Pieces of Similar Metal 
—Is Also Capable of Making Composites Whose Parts Are Chosen 
for Special Purposes .. . Hard-Facing, Either With Oxy-Acetylene or 


Electric Arc, Ils Such a Process, Now Widely Used in Many Industries 
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@ The modern truck tank is better because 
it's welded! Welding—the jointless con- 
struction—gives greater strength with less 
weight and bulk . . . makes possible bigger 
pay-loads. The welded tank is seamless, 
smooth—inside and out—no rough spots 
for corrosion—no place for germs to lodge. 

Welding has made many good products 
better—truck tanks, refrigerators, radios, 
streamlined locomotives, metal furniture, 
and a thousand other things. You, too, 
may find it profitable to consider the ad- 


vantages in both production and sales 


which can be gained for your product by 
jointless design-for-welding. 

Linde engineers will gladly cooperate 
with you in the design or redesign of your 
products for welding. The benefit of their 
broad experience is available from Linde 
Sales Offices located in thirty principal 
cities throughout the country and at 
30 East 42nd Street, New York, N. Y. 


The Linde Air Products Company 
Unit of Union Carbide and Carbon Corporation 
LINDE OXYGEN UCC) UNION CARBIDE 


PREST-O-LITE DISSOLVED ACETYLENE 
OXWELD WELDING AND CUTTING APPARATUS AND SUPPLIES 
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EDITORIAL NOTE 


fue ADVANTAGES Of hard metal fac- 
inus need not be expounded at length to 
, group of men who are familiar with 
carburized and case hardened parts. 
Modern welding methods and exceeding- 
ly hard alloys enable the engineer to 
surmount the limitations of such high 
carbon steel surfaces (although it is ob- 
viously possible to use a high carbon 
steel welding rod for making a hard sur- 
face on a soft backing much thicker than 
could readily be done by carburizing). 

These special hard-facing materials 
are now marketed with a wide range in 
hardness, abrasion resistance and tough- 
ness. All of them have a considerable 
degree of hardness as welded, ranging 
from Rockwell C-10 upward, and these 
figures generally are largely increased by 
cold work (either peening in the shop or 
battering in service). As indicated by Mr. 
Brown in his article which follows, these 
may be classed in several Lroups 
dium alloy steels, high alloy austenitic 
steels, high alloys with iron as a minor 
clement, non-ferrous alloys, and carbides 
or diamond substitutes. Each of these 
nay be illustrated by an important ex- 
imple. 

In the medium alloy steels may be 
classed the tungsten-molybdenum high 
speed steel described by Frank Garratt 
n the June issue. He wrote only of its 
ise In forged and heat treated tools for 
machine shop use, but it has been dis- 
‘overed that it welds excellently (despite 
the inability to do much in this line with 
he standard high speed — 18‘. tungsten, 
chromium, 1% vanadium) and in 
nultiple layers has a hardness of C-62 
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as welded and very good abrasive resistance 
and cutting ability. 

The best-known representative of the aus- 
tenitic steels for resisting heavy impact abra- 


sions is, of course, the cast Hadfield’s manganese 


steel (10 to 14) manganese and 1.10 to 140°, 
carbon). This alloy must be drastically 
quenched after casting and hardens only on 
subsequent cold work. Obviously its use as a 
welding rod presents great difficulties, and these 
have been largely avoided by lowering the car- 
bon content and adding 3 to 5‘ nickel. As in- 
dicated by Hall in Mera ProGress for Novem- 
ber, 1951, this modified alloy is austenitic after 
air cooling; it also has the desirable work hard- 
ening qualities of the original variety. Another 
modified welding rod of this family has a con- 
siderable addition of tungsten. 

Next come allovs known by various pro- 
prietary names having up 
to of alloying ele- 
ments with iron, Chro- 
mium and manganese, 


with or without tungsten 


and molybdenum, are fa- 
vorite ingredients. These, 
to be valuable, are alloys 
which are hard in the as- 
cast condition and gener- 
ally are useful where con- 
ditions are not too severe. 
They were primarily de- 
veloped for customers 
who were unwilling to 
pay the high price for the 
intrinsically hard, iron- 
free alloys, well known as 
stellite, and it is probable 
that their popularity is 
(Continued on page 149) 


| 
: 
4 
is 
ae 
| 
| 
| 
| 
| 
4 
| 
| 
| 
| 
| 
past, 
| 
‘ 
\ 
& kp 
ar 
135 
BY 
if 


- 


he 


HARD -FACING 


MATERIALS 


& METHODS 


HE PROCESS OF HARD-FACING CON- 
sists in welding a coating of a wear resisting al- 
loy ,; to 14 in. thick to the wearing surfaces of 
a metal part. High quality materials for this 
purpose should possess the following properties: 

A. Inherent hardness. 

B. “Red-Hardness,” or ability to retain in- 
itial hardness up to red heat and to be unaffected 
after cooling slowly from red heat. 

C. Resistance to abrasion during use. 

D. Resistance to high temperature oxida- 
tion during its application. 

E. Melting point slightly lower than steel, 
the usual base metal. 

F. Coefficient of expansion close to that of 
the base metal. 

G. Easy application by ordinary technique. 

H. Ability of being applied 
with minimum effect on the 
structure of the base metal. 

This is a rather formidable 
combination, and 


approached San Frat 
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By R. E. Brown 
Sales Engineer 
Electro Metallur Sales Co 
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Nevertheless, in the 12 or 


by but few materials. 
15 years in which this matter has been vigorously 
pressed by various branches of the welding in- 
dustry, a great number of welding rods, hard 


inset particles, and special welding techniques 
have been exploited. 
classified as follows: 

Group 1. 


They may be roughly 


Alloys of low cost per pound, 
practically all of which are merely high carbon 
steel or hard cast irons with or without a littl 
alloy. They are generally rather brittle and ad- 
here rather poorly. They have had very litt! 
success in severe duty and are limited to app! 
cations where a hard steel or iron part would ! 
satisfactory. 
Group 2. Metals that are essentially aus 
tenitic alloy steels containing varying amoun! 
of chromium, tungsten, mang 
nese, or silicon, the total of 
usually below 20%. Such allo 
have considerably greater w 
Cal resistance than any ordinary ca 
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steel, especially if they possess properties 

kewhat similar to 13‘. cast manganese steel. 
y are intermediate in unit cost. They make an 
ellent filler rod for rebuilding badly worn 
ris where service involves considerable heavy 
pact rather than scour. As they are usually 
lite tough and ductile, they serve well as a 
uilding-up material over which is to be placed 
final harder surface. 

Group 3. Metals that contain more than 20°, 
and as much as 50°. of one or more of the ele- 
ments chromium, tungsten, manganese, silicon, 
cobalt, nickel, and carbon. With this group we 
encounter the first true hard-facing metals, in 
the sense of materials which do not need to be 
cold worked to induce hardness (like most of 
those of Group 2) but whose hardness is intrinsic. 

Group 4. This class consists of a group of 
non-ferrous cobalt-chromium-tungsten alloys of 
which Haynes’ stellite is the exclusive representa- 
tive. The iron content is negligible. Several dif- 
ferent grades of the alloys are all highly resist- 
ant to abrasive wear but vary in strength and 
toughness. In this material cobalt is the base 
of the alloy, whereas iron is the base of all alloys 
in preceding groups. Its hardness is inherent 
and permanent in that it may not be altered by 
heat treatments up to 16507 F. 

Group 5. Tungsten carbide and other dia- 
mond substitutes. These usually consist of 90 
to 95°, tungsten carbide with a ductile metallic 
binder. Tungsten carbides cannot be melted 
with the oxy-acetylene flame, so they are fur- 
nished in the form of small castings of various 
shapes, which are “wetted” and anchored in 
place on the surface of the part being hard-faced 
by means of another hard-facing metal fre- 
quently referred to as the tie-in rod. 
A tough, hard, tie-in metal is de- 
sirable so as to support the pieces 
firmly and prevent undermining the 
hard particle. Their largest use is 
on oil well drilling tools, for boring 
through solid rock, 

Group 6. This subdivision 
comprises combinations of hard- 
facing alloy and crushed tungsten 
carbide, made in various forms. 

Selection of the most suitable 


Exhaust Valves on Heavy Duty Gas Engines 

is for Trucks and Busses) Are Much More 
Durable Than the Seats in the Cast Iron Cyl- 
tinder Block, so Many Valve Seat Inserts, 
Faced With Heat Resisting Materials, Are 
Used to Lengthen Mileage Between Grinds 
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hard-facing metal for each particular job must 
take into consideration finished cost, mainte- 
nance, cost of shut-down for repair or replace- 
ment, and projected service life. As a rule, the 
higher quality will prove the more economical 
in the long run, despite its comparatively high 
first cost. From tests of alloys from each of the 
foregoing groups in. strictly comparative sery- 
ice, a prediction of the relative service life can 
be made. Using the life of carbon steel as unity, 


these will be about as follows: 


Hard steel l 
Group 2 1.5 to 2 
Group 3 2 to 4 
Group 4 3 to 10 
Groups > and 6 10 to BU 


Before passing on to some data on the proper 
methods of welding, a few remarks on the nature 
of abrasion resistance are in order. Testing for 
wear resistance is an art not vet properly devel- 
oped; figures cannot be established representing 
the wear index of a specific metal, such as can 
be found, for instance, for its tensile strength. 
It is belived that wear involves close rubbing con 
tact, without lubrication, of tiny areas on two 
surfaces, and the molecules or particles at these 
contacting points become softened by the fric- 
tional heat and are torn away while in a rela 
tively soft) condition. Hence the paramount 
importance of what may be known as “red hard- 
ness” in materials that are to resist wear, that 
is, the ability to retain their initial hardness up 
to red heat and to be unaffected after cooling 
slowly from red heat. One alloy may possess a 
higher hardness than another at room tempera 
ture, vet the latter, if it retains its initial hardness 


at elevated surface temperature while the first 
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does not, will prove to be the superior wear resist- 
ing alloy. Hence the well known fact that the 
Brinell hardness impression is not nearly as in- 
dicative of wear resistance as is the scratch or 
lile hardness a test which imitates actual 
abrasion, 

Instantaneous temperatures generated by 
friction are far higher than would be surmised. 
Surface temperatures of bodies sliding over one 
another under pressure often approach red heat, 
although there may be no visual evidence because 
the heat is rapidly dissipated into the body of 
the metals and the air. Thus, if the ends of two 
thermocouple wires be merely held against a 
rotating steel disk, a temperature of 15007 F. 
will be indicated, but to the eve there is no evi- 
dence of heat. Hence the ability of a hard-facing 
metal to resist wear must be determined under 
actual working conditions. 

All alloys will soften as temperature is in- 
creased but the rate of softening varies. High 
speed steel softens less rapidly than carbon steel, 
and the cobalt-chromium-tungsten alloys of 
Group tf soften least of all. In fact, the iron con- 
tent of a hard-facing alloy is inversely propor- 
tional to its comparative red hardness; with even 
a litthe the rate of softening increases and con- 
tinues to do so in alloys successively higher and 
higher in iron, At temperatures above 11007 F, 
the cobalt-chromium-tungsten alloy Haynes’ 
stellite has a higher hardness than any other 


High Pressure Steam Also Ruins Valve Gates and Valve 
Seats by the So-Called Wire Drawing Effect, But This 
Is Effectually Prevented by Welding a Ring of Stel- 
lite at the Closure and Grinding to a Perfect Seat 
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known metallic alloy; in fact, it retains alm 
its original hardness up to temperatures of a 
proximately 1800° F, 


Welding Methods That Are Suitable 


Both the oxy-acetylene and electric are weld 
ing processes are used for hard-facing. It is in 
possible to divide the field sharply, as both 
processes have certain advantages depending on 
the nature of the hard-facing metal, the size and 
shape of the part, and general conditions per- 
taining to each job. The use of the oxy-acetylene 
process is distinctly preferable in the application 
of the non-ferrous cobalt-chromium-tungsten al- 
loys (stellite) comprising Group 4, due to one 


important factor which applies to a marked ex- 


Forging and Trimming Dies and Shear Blades for Hot 
Metal Give Much Trouble When Worked So Rapidly 
That They Cannot Be Effectually Cooled; Only High 
Alloys on Surface (or Solid) Will Then Stand Up 


tent in the use of any rod for hard-facing. This 
is the matter of adherence, or bonding without 
extensive alloying into the base metal. 

This process of welding on without much 
melting of base metal is a distinet, though very 
simple, form of the welding art, having far wider 
application than mere hard-facing. In joining 
two adjoining metals by ordinary welding it is 
advisable to secure a certain amount of inter 
alloying between body metal and weld metal: 
this action is commonly known as “penetration.” 
This is quite all right when base metal and weld 
are of equivalent nature and composition, but i! 
is objectionable in hard-facing as it results i 
dilution of the expensive surfacing material. 

If the hard-facing metal can be applied 
without puddling the base metal and vet main 
tain a close bond or adherence with that bod) 
it then possesses some of the eight properties 
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described at the outset as paramount in a high 
quality hard-facing alloy its melting point is 
a little below that of ordinary carbon or low al- 
loy steel, its coeflicient of expansion is closely 
similar to steel, its application does not appreci- 
ably affect the base structure, and it welds easily. 

A certain amount of inter-alloying is un- 
avoidable, although it can be kept at a minimum 
through careful control. For coverage of large 
area the electric are process is economical and 
is frequently employed if rough surfaces and 
some cracking or checking of the hard-facing 
metal are not objectionable. Reversed polarity 
should be the rule in depositing all high chro- 
mium alloys with the are. 
is fairly heavy. 


Power consumption 


Oxy-Acetylene Technique 


The practice to be pursued with the oxy- 
acetylene flame may vary. slightly depending 
upon the nature of the metal being deposited. 
Having had the most of my experience with 
Group 4 alloys, I will describe the process as 
practiced in the use of Haynes’ stellite, but fun- 
damentally a similar method should be pursued 
for applying any hard-facing alloy by the oxy- 
acetylene method. The recommended practice 
is somewhat similar to brazing, but it is actual 
welding without appreciable penetration. 

Surfaces to be hard-faced should be cleaned 
! scale or other adhering foreign matter. The 
blowpipe should be adjusted to a carburizing 
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three times the length of the inner cone, 
ficiently large to hold the heat in the body metal 
should be used so that this surface will “sweat.” As 
in the method of rapid welding described in Mera 


lower melting point. 
and the surface appear to “sweat” before any meas- 


Knives for Shredding 
Paper Pulp Cost $200 
per Set When Made of 
Carbon Steel 
and Last One Month; 
Same 


High 


Tipped 
Facing Alloy at a Cost 
of $90 Last Six Months 


flame with the tip of the outer cone extending almost 


A tip suf- 


ProGress just a vear ago, the flame lends a little car- 
bon to the hot (unmelted) steel, converting a very 
thin surface film to a high carbon steel with a much 


Hence this film will glaze over, 


urable part of the base metal steel is heated to its 


real melting range. When this 
occurs the rod of stellite should 
be held directly beneath or be- 
side the flame (never ahead of 
it), and as the alloy melts from 


- the rod it will spread freely over 
Anives, 


With Hard Haynes 


the sweating surface. 
stellite is slightly more sluggish 
in a reducing flame than in a 
neutral flame, but the former 
promotes the proper amount of 
surface sweating for good results and is preter- 
able. Any scale met with or formed in the course 
of the work should be floated off by manipula- 
tion of the torch. 

Stellite, and most of the true hard-facing 
alloys, can be applied to almost any steel base 
with the exception of high speed steel. The 
microstructure of low and medium carbon steels 
and low alloy steels is least affected by the neces- 
sary heat and the bond or adherence of the fac- 
ing is probably slightly better than on high car- 
bon steel or complex alloy steels. The structure 
of the latter may be altered to such an extent 
that heat treatment of the hard-faced part to 
restore the original properties of the base metal 
may be desirable. Oil should be used as the 
quenching medium because a water quench is 
too severe and the outer layer may check. 
special technique 


Hard-facing requires a 


when applied to Hadfield’s or 13°. manganese 
steel as, for instance, to railroad crossing in- 
serts, steam shovel bucket teeth, or crusher jaws 
and liners. When this steel is heated to the 
welding temperature and cooled in the ordinary 
way, it becomes brittle. Furthermore, its coef- 
ficient of expansion is about 50°. greater than 
that of a hard-facing alloy of Group 4. The steel 
may be restored to its original ductility by 
quenching the hard-faced part from about 1830 
IF. in water; however, this means of restoration 

and in fact, satisfactory application of the 
hard-facing cannot be accomplished unless 
the differential expansion is counterbalanced. 
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If the blowpipe is used for welding on the 
surface laver, the high manganese base metal is 
raised to a temperature almost equal to that of 
the hard-facing metal. Therefore it will have 
expanded, and will later, during cooling, have to 
contract some 50°, more than the hard layer 
applied to it. This obviously will lead to deep- 
seated cracks, cither immediately or in service. 
Resort is therefore had to the electric are as a 
welding medium, as the momentary application 
of the are on the manganese steel surface heats 
the surrounding steel to a considerably lower 
temperature than the hard-facing alloy. Under 
this condition its expansion effect will be under 
control and the stresses at a minimum. 

Positive or reverse polarity is recommended 
for hard-facing rods applied by the electric are. 
Coated rods are preferable, as they control the 
are stream as well as minimize oxidation. Rods 
“ In. in diameter may take about 125 amperes, 
1,-in. rods 160 amperes, and rods 190 am- 
peres. Some manufacturers recommend a dou- 
ble laver for maximum wear a thin undercoat 
which will absorb undesirable dilution from the 
base metal, and a thick second layer. Beads for 
this last laver should be “*, to 1 in. wide and ap- 
proximately in. thick, 


Uses of Hard-Facings 


Whereas the drilling bits for oil wells pre- 
sented the best field for rapid and consistent 
development of hard-facing metals, the 
petroleum industry consumed probably 80°. of 
such materials prior to 1930, the situation has 
broadened very largely since then. At the pres- 
ent time the consumption in this industry repre- 
sents probably less than 50° of the total. This 
is not due to any substantial decrease in well 
drilling activities, but to the adoption of the idea 
by other fields. Principal among these may be 
mentioned (a) the construction industry, par- 
ticularly the excavators, (b) the automotive in- 
dustry for valve seat inserts, (¢) the cement 
industry for handling hot clinker, and (d) the 
metallurgical industry for coke handling equip- 
ment and hot metal shears, dies and trimmers. 

A few notable applications other than for 
oil-well drilling bits (the application which has 
doubtless received the most publicity because of 
its spectacular success) will now be described. 

First is seats for exhaust valves on heavy 
duty gas engines. As shown in the view on page 
137, these generally consist of a steel insert ring 


with the bard-facing material applied to the 
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Ire Welding Is Particularly Valuable in Welding 
lustenitic Steels Like Cast Manganese Steel and for 
Other Hard-Facing Alloys Where Heat Effect Must 
Be Minimized. Photo Courtesy Lincoln Electric Co. 


beveled surface. The cast iron valve seats cul 
into the evlinder blocks of heavy duty trucks and 
buses must be ground about every 10,000 miles. 
Service tests have proved that the hard-faced 
valve inserts will operate for 10 to 20 times this 
mileage. This means lower gasoline consump 
tion, lower compression losses, and increased 
power, mileage and all-around motor efficiency. 
One truck operator reports that no regrinding of 
hard-faced valves has been necessary when ove! 
hauling after runs as high as 250,000 miles. 

Next example is the excavating industry, 
where hard-facing is used on parts ranging fro! 
the humble plowshare to the teeth of mammot! 
steam shovel buckets. Probably the most exte: 
sive use is for bucket teeth. A fairly typical « 
ample may be chosen from hundreds availabl 
The teeth of a 12-vd. bucket were hard-faced | 
a coal company in Indiana, and achieved a I 
ratio of 7 to 1 over the ordinary teeth. Othe: 


| 


tvpes of excavating buckets such as drag li! 
buckets and clam shell buckets, dredging cutte: 
and drag scrapers are also very successfully pr 


tected from abrasion, (Continued on page 1) 
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THAT’S WHAT WELDERS EVERYWHERE SAY ABOUT MUREX HEAVY 
MINERAL COATED ELECTRODES...1F YOU ARE GOING TO THE METALS 
SHOW, DROP IN AT BOOTH D-50 AND LET US SHOW YOU WHY 
MEN WHO WORK WITH MUREX ARE SUCH ENTHUSIASTIC BOOSTERS 


METAL & THERMIT CORPORATION + 120 BROADWAY, NEW YORK 


ALBANY CHICAGO PITTSBURGH e SOUTH SAN FRANCISCO) «TORONTO 
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HE CAST is ready, the stage is set, and it's almost curtain time 

for the greatest metal show of the year—the National Metal 
Congress and Exposition. ¢ This important event of the metal 
world will open Monday, September 30, in the new Interna- 
tional Amphitheatre, Chicago. For five full days, thousands 
of executives, engineers and technicians will be on hand to get 
abreast of the latest developments in the production, selection, 


fabrication, inspection, treatment, 
welding and application of all kinds 
of metals. They will be there to 


SEE... the latest materials, methods 
and equipment in the metal industry 
displayed at one time and in one place. 


HEA... more than seventy-five techni- 
cal papers read and discussed by experts 
in the metal world. 


. . . interesting manufacturing 
plants and go through some of the finest 
research laboratories in the world. 


E\CHANGE . . ideas and discuss 
their problems with other leaders in the 
metal industry. 


ANI). . . in general to fit themselves for 
the year ahead—a year that holds promise 
of being the best since 1929. 


This is the educational opportunity of the year. 
Plan now to be in Chicago when the curtain 
goes up on this great Show on September 30. 


AMERICAN SOCIETY 
FOR METALS 
AMERICAN WELDING 
SOCIETY 
INSTITUTE OF 
METALS BIVISION, 
A. I. M. E. 
IRON AND STEEL 
DIVISION, 
A. I. M, E. 
« 
THE WIRE 
ASSOCIATION 


National Metal & 


Exposition headquarters jf 


will be at The Palmer House. 


by writing or wiring directly to 


mee Make your reservations now 


THE PALMER HOUSE | 


THE NATIONAL METAL CONGRESS AND EXPOSITION 


in the New International Amphitheatre, Chicago September 30, October 1, 2, 3 and 4 
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NIVERSITY WORLD 


YACHT “HIRONDELL 
THE SIXTH ROUND THE WORLD VOYAGE 
OF THE AMERICAN FLOATING UNIVERSITY 
FEBRUARY 6th TO JUNE 29th, 1936... 


ER OCEANOGRAPHIC YACHT OF LENGTH 960 FT. GEAR 37 DRAUONT 17 FY 
3000 TWIN SCREW. SPEED 17 KNOTS. 


“THE PRINCE OF MONACO UNIVERSITY TRAVEL ASSOCIATION 


CURRICULUM ITINERARY) 
Regular University courses are taught by an out- Haiti, Colombia, Panama, Hawaii, Japan, China, 
standing faculty chosen from leading American Philippines, Bali, Java, Siam, Malay States, Cey- 
colleges and universities under direction of Dr. lon, India, Arabia. Egypt, Palestine, Greece, Jugo 


James E. Lough, Ph.D., Pd.D., founder of the 
\merican Floating University. 

Special courses on World Trade, and on the His- 
tory, Culture and Economics of the countries vis- 
ited are given under professors who have visited 


Credits for these courses may be accepted by NORTHERN EUROPE JULY 4th TO 


leading American colleges and universities. 


Slavia, Italy, Algiers, Spain, Mloroceo. (Subject 
to enlargement or minor alterations.) \Nlany shore 
trips, official receptions and special features. 


A full semester of university work is offered so LABOR DAY, 1936 
that students lose no time from their college year, ILA: 
in fact often make up credits. | S. State. , 


The Yacht HIRONDELLE has no superior for seaworthiness, safety, comfort and luxury. She 


was built by Albert Ist, Prince of Monaco, the greatest Oceanographer of all time, President = 
of the International Hydrographic Institute, and used in his scientific expeditions all over the Ss 
world. Py 

She has been chartered to Kaiser Wilhelm, served in the France Navy; royalty, great © - 
academicians and the elite of international society have walked her decks. .» UNIVERSIT) 
James W. Gerard, wartime U. S. Ambassador to Germany, was dining aboard < TRAVEL 
her with royalty in Kiel Harbor the night of the assassination at Serajevo that - “poe 1ATION 

precipitated the World War. = New York, 

HIRONDELLE has never been put to commercial use and is chartered 4° 
. . ~ . 
from Mr. H. H. Harris, President of the General Alloys Company, of . 
Boston, exclusively for these voyages. RY . 


University Travel Association | 
66 Fifth Avenue, New York 
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HARD FACING 


Similar conditions exist for coal cutters. 
When tipped with an ounce or two of non-ferrous 
alloy of Group 4 these will cut from three to six 
times as much as ordinary bits, and when faced 
with tungsten carbide particles held in a steel 
matrix the performance is 25 to 1 over steel bits. 
Since it takes about one man-hour of labor to 
change the cutters, this is an item even if lost ma- 
chine time is disregarded. 

The cement industry likewise is a large user 
of hard-facing material. Equipment is neces- 
sarily subjected to extreme abrasion; the raw 
materials, the cement clinker and even the pul- 
verized cement all wear away the hardest steel 
in a very short time. Take for instance a screw 
conveyor as shown at the head of this article or 
a grinding ring for hot clinker. Tests run by an 
Ilinois cement company showed that these hard- 
faced rings lasted 1610 hr. whereas other rings 
were unfit for service after 500 hr, Other exam- 
ples of hard-facing in cement plants are gud- 
geons, conveyor sleeves, pulverizer hammers, roll 
crusher teeth, and crusher mantles. 

In fact, all rock crushing equipment in 
mines, concentrators, gravel preparation plants, 
and slag crushers can use these hard materials 
to great advantage. The crushing surfaces are 
extremely massive castings, and since their life 
can be prolonged indefinitely by periodic appli- 
cations of weld metal, the economies are appar- 
ent. A conservative estimate of the cost would 
be about 25°) as much for hard-facing as the cost 
of a new part lasting only half as long. 

Finally an interesting story might be told 
about power-plants, other than the coal and ash 
handling machinery. Steam valves, hard-faced, 
have been inspected after 14 months’ service in 
160 Ib. steam, frequently opened and closed in a 
drip pot, vet showing not the slightest evidence 
of scoring or wire drawing. Other steel valves 
in comparative service will leak badly in a few 
months. Another interesting application is the 
valves on duplex boiler feed pumps. Ordinary 
valves In one particularly severe duty would be 
replaced, deeply cut, after about 500 hr. of serv- 
ice. In an effort to obtain longer life, the valve 
seats, approximately 2 in. diameter and 1, in. 
thick, were made in two sections and were cov- 
ered with a thin layer of hard alloy. It was 
found that these valves operated for at least 
{000 hr. before rebuilding was necessary. 
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Don't Fail to See 


ELECTRIC ARC SAW 


AT THE NATIONAL METAL EXPOSITION AND 
CONGRESS, CHICAGO, SEPT. 30 TO OCT. 4 
LOCATION: EXTREME S. E. CORNER, SPACE 03 


THE New Type SAW THAT 
Repuces METAL CuTTING Costs To A MiNimun. 


Bring Samples of Your Own Metal for Cutting! 


YOU ARE INVITED 
TO PROVE THE PER. 
FORMANCE OF THIs 
REMARKABLE NEW 
TYPE SAW FOR YOUR 
OWN FACTOFP 
NEEDS. ANY METAI 
CAN BE CUT WITH 
THE STROBEL ELEC 
TRIC ARC SAW! 


STROBI 
MODEL 25— 
Cuts any metal up : 
to thickness TR 
What ihe Sirobel Electric Arc Saw out. 
Clu or tecl anc alloy metal 
HOW THE STROBE! 
u ingsten carbide as readily a 
low carhon stec! ELECTRIC ARC SAW 
Leave irtace of cut smooth, clear WORKS 
005 of an inc depth 
1d ntne n tr | 
d metal is ¢ il i 
lid NEC 
In cutting wire cables, the saw can ; 
he perated t leave wire fused or ; : 
parate as desired 
\rc current can be supplied trom 


iny suitable D.C. or A.C. Welding 
Generator or Welding Transformer 
be used for arc-thre iding are 


ind arc-turning. Can be ad 


isted r cr cutting, slotting 
i 
tr min etc 
\b itely Can erated 
ir 
b ne—n special training 
NECE \ simple in construc n 
simple in Yeration 
> \Vcar 
Built in a range of sizes and capaci- - 
t ria t 
tics from 1 H. P. to 100 H. P - 
recon ndat wr 
These machines are sold on absolut« 
guarantee as to performance. Ma STROBEL ELECTI 
chines are custom-built when | saw 
mecessar©ry cutting 
For Full Information Write 


Manufacturers of ELECTRIC ARC SAW 
3853 Santa Fe Avenue Los Angeles, California 


RIC AC COMPANY 
STROBEL 
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DITORIAL NOTE 


(Continued from page 135) 


on the wane. Where conditions are really 
ere and the job is of considerable importance, 
ple experience has proven that only the best 
abrasion resistors will be satisfactory, and 
poor economy to put on other alloys because 
y are cheaper. 

Finally come the diamond 


led. They really can be compared with noth- 


substitutes, so 
iw but industrial diamonds, for, when set in the 
it of a rock drill such as shown in the 
they 
rock strata until the steel backing is gouged into 


engrayv- 
on page 135, go on down through the 
deep channels, leaving the hard insets on ridges 
between, still taking the wear! Tungsten carbide 
s the foundation of the most successful of these 
materials. Diamond substitutes are available in 
various forms: As cast slugs or granules, as mix- 
tures of finer particles and fusible metal in steel 
capsules, and as small pieces pressed from mixed 


In all 


instances the pieces are set in the tool by build- 


powders of carbide and a metal binder. 
ing up a heavy layer of weld metal on the re- 
quired surface and dropping these fragments 
into the molten puddle as it advances. Such weld 


metal, of course, should be hard and adapted 


to the work hand, 
Much attention has been given to the use of 
other hard artificial minerals besides the tung- 


sten and molybdenum carbides. Fused aluminum 


oxide, for instance, has a very high hardness 


suitable for the best grinding wheels — and is. 


in fact, the 
vems, short of the diamond. The element boron 


counterpart of some of the hardest 


has also been studied. It is next to carbon in the 
periodic system of chemical elements, and vari- 
ous plausible reports of excessively hard crystals 
have been heard. Likewise the 


“pure boron” 


borides of the elements could very readily have 
hardness, similar to the carbides. 


California 


properties, like 


The most recent reports from 


(where the hard carbide industry flourishes 


especially for well-drilling equipment) are to the 
effect that chromium and boron, when fused to- 


sether, form a duplex aggregate, one constituent 


of which is possibly chromium boride and _ is 
extraordinarily hard and stable, while the other 
constituent may include the unavoidable impuri- 
This second constit- 


ties in the raw materials. 


uent is “wetted” by the steel nickel which is 


used for setting these chromium borides on the 
required surface. 
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DO YOU WANT WELDS 


RESIST SCALING 


Welds can now be made in 25-12 stainless. or stainless- 
clad steels, to resist sealing up to 1950 degrees Falhr. 


In addition, these welds possess these properties and 
retain them at comparatively high temperatures. 


TENSILE STRENGTH . . . 90.000 to 105,000 Ibs. per sq. in 
with yield point of 40,000 to 50,000 Ibs. per sq. in. 
DUCTILITY . . . 40° elongation in two inches. 
FATIGUE LIMIT . . . 33.000 Ibs. per sq. in 
DENSITY... as measured by specific gravity, 


per c. Ce 
CORROSION RESISTANCE... equal to the plate. 


Weld metal possessing all the above characteristics is 


© 
grams 


produc ed in any position — flat, horizontal, vertical and 


overhead—by the shielded are with the new Lincoln 


“Stainweld B” 


And in 18%, Cr.-8° Ni. Steels—Do You Want Welds 
Which Possess the Following Properties? — 


TENSILE STRENGTH. . . 85.000 to 95.000 Ibs. per sq. in. 


with yield point of 30,000 to 40,000 Ibs. per sq. in 
DUCTILITY. . . 50% 
IMPACT RESISTANCE... 100 to 120 ft. Ibs. (Izod), 
DENSITY... a= measured by specific gravity, 


per C. 
CORROSION RESISTANCE . . . equal to the plate. 


made in any 


electrode. 


to 60% elongation in two inches, 


..00 grams 


Welds possessing these properties are 
position in 18-8 stainless steels with Lincoln “Stainweld 


\” electrode. 


e Ask for samples and complete procedures lor easy weld- 


ing with the “Stainweld B” or “Stainweld A” electrode. 


SEE THESE WELDS MADE 


NATIONAL METAL EXPOSITION 
CHICAGO BOOTH H-3 Sept.30-Oct.4 


THE LINCOLN ELECTRIC COMPANY 


Department MM-181 Cleveland, Ohio 


Largest Manufacturers of Are Welding Equipment in the World 
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“ope ACTUAL running conditions in the shop on 
our customers’ machines—rather than staged 


tests—are the true measure of performance 


for Ultra-Cut Screw Stock. This group of 


For fabricatin 
j parts showed an average increase of 45°% in 


finely tinishe 
machine parts production when fabricated from Ultra-Cut as 


compared to the former grades of stock used. 


ete Let us demonstrate this fast-cutting, 
smooth-machining screw stock in fab- 

ticating your product. The results 
we o Cold drawn may indicate interesting possibilities 
<o* ground an in cost reduction and product improve- 
polished to ment. Ask for Ultra-Cut Folder. 
mirror finish 


For bed plates and 
other equipment parts 
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ETTER MADE STEELS: 
rag TESTED, 


Steel Corp 


CARBON STEELS 


COLD DRAWN STEELS 
SHEET ...STRIP...BARS 


A Leading Steel Maker Appraises the Present Situation and Concludes That 
“Steel Quality’ Resides Largely in the Customer's Requirements and There- 
fore That an Important Prerequisite fer Successful Steel Production is Coop- 


eration With Intelligent Users Rather Then Writing of Intricate Specifications 
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Uncertainties have always been a source of anxiety. When 


7 navigators had to trust to whims of sea and sky, risks were 
great. Human ingenuity has eliminated these variables. 
Users of steel, too, have variables to face. Uniformity of 
Cc R G c steel quality has been a constant problem, particularly under 
/ continuous production methods. Now Carnegie Controlled 
Z Steels for forging, heat treating, forming and machining offer 
4 O consistent uniformity. Users are finding that each shipment 
Ww responds in the same satisfactory manner as the last. Carnegie 


Control does eliminate uncertainties in production problems. 
May we present details? 


T t & CARNEGIE STEEL COMPANY PITTSBURGH 


Pacific Coast Representatives COLUMBIA STEEL COMPANY « Son Francisco 
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ROM A PRACTICAL AND ECONOMIC 
viewpoint, steel quality is that group of prop- 
erties essential to the constant production of fin- 
ished of 


satisfactory service rendered at the lowest ulti- 


goods of merit, measured in terms 


mate cost. In this sense it is an ever changing 
and a competitive standard. 

When the product of the Bessemer converter 
lirst supplanted wrought iron, the new metal was 
just “steel”; steel quality was then supreme, no 
matter how far its standards may have differed 
from those of today. It is fitting to acknowledge 
with admiration the role it played in America 
in the conquest of the West and in the develop- 
ment of our Not until 
later when the normally available steel supply 


industries. many years 
began to approach the demands of a seemingly 
market, did of by 
grades, distinction by properties and by analysis, 


unlimited selection steel 
become a customary practice outside the tool 
steel maker’s domain. 

Steel specifications began with control of 
carbon ranges and were written in rather general 
lerms. Some of them have grown into formida- 
ile documents covering a long list of chemical 
determinations as well as of physical standards 
expressed in terms of static properties, impact 
tests, microstructure, and 


hardening capacity 


inany other specific features. There are pro- 


grams today where the testing of a single set of 
samples, selected to represent 
t heat of steel, requires more R 

y 
(jseneral Superir 


ratory work! 


than two man-months of labo- 


W alll 


a 
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PROBLEMS & PROGRESS 


IN STEEL QUALITY 


ler 


as it applies to producer-consumer relations 


Yet in spite of diligent efforts on behalf of 
producer, as well as of purchaser, testing pro- 
cedures frequently did not reproduce adequately 
the actual fabricating and service conditions, or 
(on the they 
theoretical grounds, material of good practical 


other hand) would exclude, on 
value, thus resulting in dissatisfaction and eco- 


homic waste. Consequently a growing number 
of followers has been won to the conviction that 
the time has arrived for a new type of coordina- 
tion between steel producers and steel fabrica- 
tors, so that their combined efforts may vield a 
greater measure of success in the satisfactory 
discharge of their joint obligations to the con- 
suming trade. 

This 


leniency in the matter of quality. 


does not mean greater tolerances or 
Quite the con- 
trary. It means more exacting and more con- 
sistent standards of performance to assure high 
vield and high quality production at low cost. 
In this direction the using and fabricating indus- 
try has shown the way; it has made admirable 
progress in recent vears under the whip of active 
competition, through engineering skill, careful 
production planning, and development of shop 
practices. 

The task now confronting the steel producer 
is to measure up to these standards and to fur- 


nish his products in conformity with them. 


do so imposes on him a_ twofold obligation, 
First, he must organize his own 
Mi net, resources and operations for a 
higher degree of effectiveness, 
, and secondly, he must acquire 

‘ 
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a direct and intimate acquaintance with the 
processes of his customers and with the purposes 
of their products. These subjects concern the 
entire industry from ore and coal to coke 
works and blast furnaces, through steel works, 
rolling mills and forges, to transportation, sales 
and service divisions. Each unit is like a link 
in the chain, essential to its strength as a whole. 

Let us see how they stand today. 

In the coke works and blast furnaces we can 
confidently rely upon constant and reliable per- 
formance, proven by the eminently creditable 
results achieved by them during the recent lean 
vears. These facts are so contrary to many dire 
prophecies and so pertinent to our problems and 
progress that they warrant further consideration. 


Taming Temperamental Blast Furnaces 


Not so many years ago, even a moderate 
change in coal mixture or in coking time was 
viewed with considerable alarm by coke plant 
operators and blast furnace men alike, both fear- 
ing that any departure from the empirically 
established normal coke plant practices might 
have harmful effects on quality of product and on 
operating costs, 

That such adverse events are nowadays 
experienced on rare occasions only, that coke 
plants and blast furnaces adhere steadily to new 
and higher standards in quality of products and 
of performance in the face of presumably impos- 
sible variations in operating rates, is, in my opin- 
ion, due directly to a better understanding of the 
fundamental relations between cause and effect 
and to the skill of the operators in applying this 
increased knowledge to their work. 

Even to a greater extent has the same dili- 
gent analysis of cause related to effect enabled 
the blast furnace men to achieve excellent 
adaptability to lower and widely varying de- 
mands with outstandingly reliable performance, 
good economy, and with high quality standards. 
Controlled production (that is, operation under 
satisfactorily complete technical and_ scientific 
direction) has become a fact in present-day blast 
furnace practice. 

| should like to pause and look back 20 vears 
or more to the time when members of the ancient 
and honorable blast furnace guild matched their 
inherited wisdom, skill and tenacity against the 
proverbial fickleness and cruelty of their charges. 
Special notices were posted (some still existing) 
bidding all and sundry to stay away and granting 
access only to the crews, the morituri of the in- 
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dustry. And these warnings were no nurs\ 
tales as we know who lived through weeks a 
vears of high blast pressure, hanging peri: 
slips, explosions and breakouts. 

No wonder that blast furnace operati 
notoriously unruly and obstreperous, aroused | 
curiosity and interest of many a man from ot! 
fields of endeavor, and that they became a fay: 
ite subject for speculative theories and visiona 
remedies, too often quite unhampered and uw 
biased by any real knowledge of the problems 
And thus we find, in the period that followed, 
such incongruous companions as dry blast 
oxygen enrichment together with practices w 
able to regulate and control even the rate of ai: 
supply; we see elaborate automatic charging 
machinery designed to achieve the utmost in 
economy and uniformity, while ores continued 
to range in size from a fineness suitable for 
inilady’s rouge to boulders weighing tons. 

But quietly and steadily we pursued our 
search for the real causes of our troubles. \\ 
adapted facilities and practices to the changed 
nature of our raw materials, the soft, fine Mesaba 
ores and the smaller, more open-structured, mor 
friable by-product coke. We learned to grad 
our materials for constant physical and chemica! 
properties, we redesigned and strengthened oui 
equipment, to provide additional security and 
smooth, uninterrupted performance. short, 
we adopted the tactics of the Chinese doctor, 
who, we are told, was paid to keep his paticnts 
well and who forfeited his fee when he failed to 
do so. And our blast furnace patients have re- 
sponded nicely to this treatment thank you 
they are quite well today, with vouthful strength 


and vigor, confident of their power to more th 


hold their own against such upstarts as the dire 
reduction processes, of which we have heard 


good deal in recent vears. 
Refining of Modern Steels 


Turning now to the steel melting depa 
ments, it appears that intermittent operatl 
during the past few years have been a sev 
handicap to the systematic scientific study 
processes and reactions. 

Our steel-making shops possess a certain « 
gree of adaptability to varying demands, | 
able to add to or subtract from the number 
active units. But each furnace or vessel is, in 
self. rather inflexible because good results 
quality depend upon adherence to definite ope 
ating cveles. Intermittent performance is, as 
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le, accompanied by serious deterioration 
refractories and other equipment. To 
iis must be added the difliculty of arrang- 
ig for effective organizations under part- 
me employment and work sharing rules, 
vhere a majority of the crews possess vears 
f training in a few specific duties and 
where the possible interchange of occupa- 
tions is therefore limited. 

In the light of such difficult experi- 
ences Which have been keenly felt at most 
plants, steel works operators are beginning 
to recognize more generally that the em- 
piric rule of thumb is a poor second to 
carefully planned and executed process 
control, based on a thorough understand- 
ing of the pertinent fundamental facts. 
There is still much work to be done, how- 
ever, by qualified engineers and operators, 
before this knowledge may become the 
common law, so that steel melting practice, 
the skilled art of today, may be a science 
tomorrow. 

Fortunately, as is the case with most 
general rules and statements, there are ex- 
ceptions to this one also. Recent develop- 
ments in the production and conversion of 
stainless steels may serve as an interesting 
example in point. 

It was just a few vears ago that we first 
dared to take these bright voungsters of our 
the labo- 
Training 


steel family out of the nurseries 
ratories and the specialty shops. 
them toward usefulness on a broader scale, 
with volume production, has imposed on 
the steel producers many novel, interesting, 
and difficult problems. The prompt and 
successful solution of these must, in my 
opinion, be primarily credited to the fact that 
here production was developed from the very 
beginning under the direct guidance of concur- 
rent scientific research. Thus progress was made 
logically, limitations in properties of the various 
grades were established, and operating practices 
were adjusted. We have succeeded in meeting 
a wide range of demands in stainless steels, from 
the finest wire and hypodermic needles to mas- 
sive ingots weighing 60,000 Ib. and more (which 
have been forged successfully, as well as rolled 
into many classes of products for instance, 
strip and plate of over 6 ft. in width and hun- 
dreds of feet in length). 

Let us return now to the production of the 
more common varieties in steel and note that 


here too progress has indeed been made during 
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Members of The Ancient and Honorable Blast Furnace 


Guild Matched Their Inherited Wisdom, Skill and Tenacity 
Against the Proverbial Fickleness of Their Charges 


recent vears. More recognition has been given to 
the importance of quality in finished products at 
low cost and to the necessity of subordinating 
to this standard every single step of departmental 
performance, This has led to many improve 
ments in the practices of making suitable deox! 
dizing and alloving additions, closer control of 
tapping and pouring temperatures, and to useful 
studies concerning such factors as ingot size, 
cooling rates, and heating eveles in relation to 
hot working properties and rolling mill results 
The gratifving progress made, for instance, of 
late in the production and the quality of rimming 
steels should be credited largely to these en 
deavors, 

Still more must be accomplished and at a 


more rapid rate if production in alloy and forg 
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levels of investment charges and operatin 
costs incurred in a race for favorable co: 
declinin 


sideration by customers in a 


market. Aside from these problems « 
management and finance, it is strange tha 
the rolling mills have received a compara 
tively modest share of attention from en 
technically 


gineers, metallurgists and 


minded economists. Even some of ou 
most recently created rolling mill marvels 
seem to lack that moving spirit which ap 
plies expert knowledge and logic in plac« 
of tradition and precedent. 

Just consider the wide variety of tech 
nical subjects currently encountered, such 
as problems of combustion and of heat 
transfer, of steel properties in many grades 
and under widely differing conditions of 
temperature and stress, of power require- 
ments, lubrication and machine or roll de- 
sign! Add to this the perception of the 
marked influences exerted by rolling mill 
practices and cooling rates upon the prop- 
erties of products, on which in turn de- 
pends their usefulness in subsequent fabri- 
cation or in service — and we may conclude 
indeed that new thought, new problems, 
new products and new steels demand a new 
spirit and new blood among the thinkers 
and the toilers of the rolling mills that they 
may carry on and succeed in this, the hard- 


est economic struggle of our generation. 


Knowledge About User's Problems 


Photo by Rittase 


ah ae . Steel Producers and Their Metallurgists Took the 
Lead and Developed the Thoroughly Killed, Fine Grained, 
Treated Steels Giving Great Promise 


We shall now consider the steel pro- 
task. To 


ducer’s second achieve real 


ing steels, as well as in the so-called ordinary 
tonnage grades, is to keep pace with the quality 
demanded. Ability to control and to reproduce 
regularly definite grain size and quench-harden- 
ing characteristics, or cold rolling and cold form- 
ing, non-aging, welding, enameling, galvanizing 
and tinning properties, or impact and fatigue re- 
sistance, microscopic cleanliness, machining ease 
and smoothness of finish, hardness, depth and 
resistance to spalling after case carburizing, or 
uniform soundness, strength and toughness in 
rails and structural shapes all such topics are 
related to and dependent upon process control 
in steel making. 

A word now about the rolling mills: 

Many of their recent trials are probably due 
extraordinary 


practices and to impossible 


progress in steel quality, he must acquire 
a first-hand knowledge concerning the behavior 
of steel products during subsequent fabricating 
operations and in ultimate service. The success- 
ful steel plant manager can no longer consider 
his responsibility for quality discharged by hav- 
ing a fair proportion of his output conform to 
the inspector’s often changing ideas of accept- 
ance standards. He must train his staff and di- 
rect its work throughout the entire plant, that the 
products will continuously suit the fabricator’s 
processes and will permit the latter with due 
care and intelligence on his part to turn out a 
satisfactory finished job with a minimum of re- 
jections and at the lowest over-all cost compati- 
ble with service requirements. 
It is certainly no simple task to subordinate 
every point of departmental advantage and pride 
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he final joint obligation. It requires the de- 
pment of a broader view in every branch of 
organization. The functions of the present- 
steel works’ metallurgist may serve as an 
mple in point. No longer can he contine him- 
( to process control in the interest of operating 
nomy. It now becomes his task to analyze 
lity requirements In advance of production, 
contact customers regularly and frequently, so 
it he may effectively assist in formulating the 
inufacturing of producer and. of 


wbricator for the best of coordination and of 


program 
prog 


mbined results. 
It would, no doubt, have been an extremely 
difficult 
netallurgist to effect this adjustment had he not 


undertaking for the average process 
received merely for the asking the whole-hearted 
ooperation of his fellow worker, the product 
netallurgist on the fabricator’s staff. | should 
like to give credit especially to the automotive 
ndustry for having been among the first of the 
major steel users to recognize the inherent detici- 
encies in the older methods of dealing in rigid 
and detailed specifications and for having lent a 
capable and helping hand to bring about the 
more direct contact and understanding of tech- 
nical requirements, which has enabled the steel 
industry to satisfy the many exacting and often 
rapidly changing demands of the motor world. 

Recognizing this, the steel producers are now 
learning to conduct’ their operations “sales- 
mindedlv” and to judge the merits of their prod- 
ucts by these three major considerations: 

1. Service rendered in ultimate use. 

2. Behavior in fabrication. 

Steel 
ments. 


making and conversion require- 

Many examples may be selected to illustrate 
more clearly the principle under discussion. We 
might cite, for instance, the fact that one chro- 
mium-vanadium steel (S.A.E. 6150) when sup- 
plied for transmission gears is judged primarily 
by its microscopic cleanliness and its uniform 
esponse to a specific annealing cycle, to assure 
accuracy and good tool life. Again in the same 
steel, when supplied for springs, the size, straight- 
hess, uniformly moderate hardness and smooth 
surtace of the hot rolled bars are ruling consid- 
rations, and when used for automatic machine 
work correct microstructure and freedom from 
internal strain. The extent to which these fea- 
‘ures are controlled by the steel producer within 
itisfactory limits becomes the specific commer- 
ial index of his performance standard. 

Another example in point, and one requiring 
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large tonnages today with increasing demands in 


. 


sight, pertains to “ordinary” low and medium 
carbon steels in the form of plates, sheets and 
strip, suitable for severe cold forming operations, 
Frequently other fabricating requirements such 
as welding, enameling or galvanizing, or other 
desired properties like corrosion resistance, non 
aging and high strength characteristics add zest 
to the game and challenge the ingenuity of the 
producer. Here each new design of parts, each 
new forming process, may it involve automobile 
brake drums, fenders, and chassis frames, or 
grave vaults, furniture and corrugated culverts, 
or hydraulic penstocks and welded pressure ves- 
sels may require individual study for each step 
of production right back to the open-hearth fur- 


nace and beyond, 


Selection of Carbon Steels 


While for all of them steel is used within a 
harrow range of specifications in terms of ordi- 
nary carbon steel chemistry, success depends on 
the selection of the correct physical type from 
the many classes of rimmed, semi-open, and 
killed steel grades. 

Present-day economic demands cannot af- 
ford to tolerate the excess cost and the waste of 
extra weight and high safety factors whereby al- 
lowances were made in the past for inferior or 
irregular quality features. This is quite clearly 
brought out in the demands made by the fabri- 
cators upon steel producers in connection with 
the use of structural materials and plates in steels 
of higher tensile strength. Apparently the prin- 
cipal points of distinction over the usual ordi- 
nary steels are related to chemical composition, 
the addition of alloys and their effect upon physi- 
cal properties. Actually, these new commodities 
must be furnished to much more exacting stand- 
ards of constaney, soundness and reliability. 
These are the features which require more ac- 
curate manufacturing control, limit the vield of 
acceptable product and increase the production 
cost. In comparison, the changes in steel chem- 
istry are often a minor consideration, especially 
if judged by the mere cost of the alloys used. 

The same trends are apparent in the field of 
low carbon sheets and strip steels, where excel- 
lence of surface and cold forming properties are 
the outstanding features. For many vears, a nor- 


mal, well made, semi-killed steel, containing 


small amounts of silicon, answered most of the 
requirements of this trade. But as forming prac- 


tices became more drastic (Cont. on page 158) 
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Jones & Laughlin cordially invites all delegates and visitors tO the 


National Metal Congress and Exposition to see its exhibits of J&L 


Steel products in Spaces C-11 and D-11. In this exhibit you will see 


ae 3 not only samples of Jones & Laughlin products, but interesting ©* 


amples of the work for which different manufacturers are using them. 


Jones & LAUGHLIN STEEL CoRPORATION 


America® Inow Ane Srees Works 


JONES & LAUGHLIN BUILDING. PITTSBURGH. PENNSYLVANIA 


Sales Offices Atlante Boston Buftale Chicago Cincinnstt Cleveland Dalles Denver Detro!' Erie Les Aneele* 

Memphis Milwaukee Minnespolls New Orleans New York Philadelphia Pittsburgh St. Lovis Ser Frencis¢e? 
W archouses CHICAGO CINCINNATI DETROIT MEMPHIS NEW ORLEANS PITTSBURGH 


Canadun Representatives JONES & LAUGHLIN STEEL pRODUCTS COMPANY Pittsburgh Pe. UV s A. and Teronte Ort Caneds 
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SEPT. 30 - oct. 


& L exhibits which will be of particular interest to members 
of the American Society for Metals and of the Societies associ- 
ated with it in the National Metal Congress are the following : 


jALCASE STEEL STANDARD SPRING wiRE 

Available 19 10/.20, .25/.35 and .30 40 carboo grades. Spring with the resilience tO give pust the right 
Exhioit shows sample bars of Hot Rolled and Cold springiness and the stamina to hold that springiness 

Finished Jalcase, test specimens and examples of the indefinitely: Exhibit shows ® wide variety of springs 

work tor which Jalcase 15 being used. made ot Jal Standard Spring Wire. 

IMPROVED BESSEMER SCREW STEEL coLD FINISHED SHAFTING 

Available 19 SAE-1112 and SAE-X1112 grades, and Turned and Ground, Turned and Polished and Cold ‘ 

supplied in hot rolled bars. cold fnished bars and in Draw®. Exhibit shows samples of ) & a Turned and 

drawn wite- Exhibit shows sample bars 45 well as ty pical Ground Shafting '9 four sizes- 


examples of the use of mproved Bessemer Screw Steel. 


Tin PLATE AND BLACK SHEETS (Tin Mill Sizes) 


FORGING STEEL Including jaicold Quality 
Forging steel of highest quality, produced under strict Exhibit shows | & L Coke Tin Plate and Black Plate in 
metallurgical control and rolled of lones & Laughlio’s various (nishes- 


newest bat mill. Exhibit shows typical parts made of 
J&L Forging Steel. 


WoT ROLLED BARS AND SHAPES { 


Exhibit shows ® number ot samples of } & L bars and 


COLD HEADING WIRE 


: shapes 
Cold heading wit with high quality assured through the 
painstaking care which Jones & Laughlin devotes to all 
the factors entering jnto mts manufacture Exhibit shows coLo FINISHED BARS AND SHAPES 
a number ot examples of the work tot which manu Exhibit shows ® number of samples of )&L cold finished 
facturers are using J & L Cold Heading Wire. bars and shape> 


Technical Literature 
Technical Literature covering all the J & L products on display 
will be available at the J&L Exhibit, Space? C11 and D-11. 
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TAM Metallurgical Alloys stand for quality—the 
kind of quality that extends right down to the 
grain structure of the metal and renders it more 
ably suited to the job in hand. Thru enlightened 
combining of TAM Titanium, Zirconium, Molyb- 
denum and other alloys with ferrous, as well as non-ferrous 
metals, marked improvements in physical properties are being 
achieved which heretofore have defied metallurgical effort. 
@ This quality improving faculty of TAM Metallurgical Alloys 
is not, moreover, limited to any one class of metals. Rolled, cast 
and forged steels, cast iron, effervescing and killed steels, tire 
and rail steels, stainless and similar steels, aluminum and cop- 
per alloys, and many other non-ferrous alloys—all are today 
being made better because of TAM alloy additions. @ Let 
TAM Research and a practical TAM Engineer assist in your con- 
stant search for improved quality in the particular ferrous or 
non-ferrous metals to which your plant is devoted. No obliga- 
tion. Simply write, stating TAM applications of interest to you. 


let's talk things over at the National 
Metal Exposition in Chicago, Septem- 
ber 30th to October 4th. . . . Come to 
Booth D-35. TAM Engineers will gladly 


give you as much time as you desire. WA 


TAM Metallurgical Alloys include TAM 
ORIGINAL HIGH CARBON FCT {Ferro 
Carbon Titanium} No. 78: TAM MEDIUM 
CARBON FCT No. 35: TAM Foundry Ferro 
Titanium: TAM High Aluminum FCT: 
TAM 25% LOW CARBON Ferro Titanium 
and TAM 40% LOW CARBON Ferro Titan- 
ium, TAM Webbite {Alumino Titanium}, 
TAM Cupro Titanium, TAM Molybdenum 
Titanium, TAM Nickel Titanium, TAM 
Metallic Titanium, TAM Zirconium plus 
many other ferrous and non-ferrous alloys, 
as well as fluxes, refactories, foundry fac- 
ings and metallurgical chemicals. Detailed 
information on request. 


THE TITANIUM ALLOY MANUFACTURING CO. 
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Formerly made from a casting, 
this spindle is now manufactured 
at less cost and with greater 
strength from a 2%-inch round 
cold drawn steel bar. It is ta- 
pered toapproximately 1 '4 inches 


NOW MADE FROM 


= 4 


COSTS 


e Here is an interesting outcome of the search of 
a progressive manufacturer for new economies. 
The part illustrated naturally suggests the use of 
castings and for years it was made by that meth- 
od. Then Union Cold Drawn Steel was investi- 
gated, despite the fact that the obvious waste of 
metal and required amount of machining argued 
against any possible savings. Trial showed, how- 
ever, that costs were materially reduced, due 
largely to the exceptional machinability of cold 
drawn steel. 

Union Cold Drawn Steel opens up many avenues 
for savings because of its pronounced machin- 
ability, its smooth, bright surface, its high degree 
of accuracy, its marked uniformity and its exten- 
sive variety of shapes and sizes. It provides dis- 
tinct superiorities in physical properties over hot 
rolled bars, iron castings, steel castings and forg- 
ings. It promotes the most efficient operation of 
automatic screw machines. 

Even though cold drawn steel may at first ap- 
pear impractical for many applications, don’t 
pass judgment without a thorough investigation. 
It has a great deal to offer and its field is widen- 


ing day by day. 


UNION DRAWN STEEL CO. = MASSILLON, OHIO 
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COMBINES GOOD APPEARANCE 
WITH EXTREME ACCURACY 


e@ The ground and polished surface of these small 
diameter bars adds beauty to the design of modern 
machines. Their finish is excellent for nickel or 
chrome plating. Just the thing for exposed shafts or 
other uses, particularly where straightness, concen- 
tricity, precision in size and improved mechanical 
strength are desired. 

You can secure Union Special Finish of any 
carbon.or alloy steel grade, in short pieces or long 
bars and in all fractional sizes from % in. to 1 in. 
inclusive. The commercial tolerance is exact size to 
minus .002”. Closer tolerances — exact to within a 
total of .0005”, or exact to .00025” under on standard 
sizes only — can be furnished on special order. 

The illustrations on this page indicate many types 
of applications. They will-likely suggest similar prof- 
itable uses in your production. 

We also furnish cold drawn flats, squares and 
special shapes of all sizes with ground and polished 
finish on one or more flat surfaces. 


UNION DRAWN STEEL C0. MASSILLON, OHIO 
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O Summerill—goes the credit 
for the refining and finishing of 
a superior line of Seamless Steel 
Tubing products...To the designing 
engineer—we grant the honors of ap- 
plying to practical use and in making 
highly versatile—our product. Within 
his realms rest tomorrow's refine- 
ments in mechanical and structural 
design, wherein Seamless Tubing, 
with its high strength and ligntness 
of weight, lends a deciding factor 
to accuracy, finish, delicacy, uni- 
formity and durability 

Wide is the gap between Summer- 
ill’s delicate hypodermic needle 


far injector ¢ r. 


tubing and th 
poses On large diese! engines—Dut 
equally broad are the applications 
of Summerill’s diversified line—th 

oughly described and illustrated 
in our new catalog: “Tubing by 
Summerill”. Your letterhead and title 


will bring 1 copy without obligation. 


YI 
S| IM rs IN TUBING SPECIALTIES 
UVI 


BRIDGEPORT, MONTG. CO., PENNSYLVANIA 
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MANGANESE 
STEELS 
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Uncontrolled Steel magnification Wyckoff Controlled Manganese Steel as 
67 x— etched rolled Magnification 67x etched. 


Uncontrolled Steel, cooled rapidly in Wyckoff Controlled cooled rapidly in 
ait from 1 F. air from 1900° F. 


In a recent series of tests conducted 
by a large eastern manufacturer, in- 
terested in obtaining a steel that 
would give maximum results in both 
uniformity and machinability, Wyckoff 
Controlled Manganese Steel, proved 
conclusively its superiority over the 
steels heretofore used as shown in the 
illustrations above. 

In these tests, the superior machin- 
ability of Wyckoff Controlled Man- 
ganese Steel and its close grained 
structure were outstanding. After ma- 
chining, it was further subjected to 
heating in Cyanide at 1450° F. and 
quenched in oil, definitely proving 
that its fine grain characteristics in- 
sured the MINIMUM amount of dis- 
tortion. 


Investigate Wyckoff Controlled Man- 
ganese Steel! 


WYCKOFF DRAWN STEEL COMPANY 


General Offices: First National Bank Bldg., Pittsburgh, Pa. 
Miils at Ambridge, Pa. and Chicago, Ill. 
Vianufacturers of Cold Drawn Steels 
Turned and Polished Shafting Turned and Ground Shafting 
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STEEL QUALITY 


(Continued from page 153) and three-step deep 
drawing went to two-step and single operations, 
greater ductility and greater uniformity were de- 
manded than could be produced in this steel. 

Rimmed steels became the vogue with little, 
if any, change in chemistry, but with a decided 
improvement in ductility and lower work hard- 
ening effect. It soon became apparent, however, 
that this tvpe was not the panacea which the 
sheet mill and its customers were seeking. It 
has brought about splendid improvements in 
many applications, but plenty of disappoint- 
ments in other lines. Due to its inherent nature, 
related to the deliberately promoted selective 
freezing process of the steel in the ingot molds 
and its typical array of blow holes, it has caused 
troubles through non-uniformity of properties 
between different sections of product, corre- 
sponding to the inner and outer portions of the 
ingot as cast. The blow holes gave rise to blis- 
ters in severe pickling, such as that used in 
preparation for galvanizing, and matters grew 
worse when certain welding practices and 
enameling processes had to be considered, not to 
mention the serious complications which arose 
from the age hardening tendencies of the rimmed 
steels. 

As a result we find another instance where 
the steel producers and their metallurgists took 
the lead and succeeded in developing a series of 
thoroughly killed, fine grained, aluminum treated 
steels, which give great promise of a decided step 
ahead, since they combine in a large measure the 
desirable properties of the rimmed and_ the 
silicon-killed types, without inheriting their prin- 
cipal limitations. 

I venture to hope and to predict that, with 
the return of faith in our economic future, we 
will soon confront a larger volume of produc- 
tion and that, with this, we will face new quality 
requirements, new steel grades, new uses, new 
problems. 

We shall welcome them and meet them with 
a new willingness to understand, a new resolve 
to cooperate throughout the many phases o! 
processing, fabricating and service. By search- 
ing for and finding the cause for each effect, by 
welding our data into a solid chain of logical! 
evidence, by applying the inevitable conclusions 
to production and to development, we shall 
achieve progress in steel quality. 


METAL PROGRESS 


: | 
| 
4 


Steel Corp. 


INSTRUMENTS FOR 
TESTING CONTROL 


A Glance at a Pioneer's Testing Instruments, Two Centuries Back, Shows the 
Remarkable Progress in Intervening Years... ... Much Testing, X-Ray and 
Otherwise, ls Now Being Done at Elevated Temperatures... ... And Ac- 


curate Temperature Measurement, Including Pyrometer Calibration, Is Essential 
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Now , With the B & L new Grain Size Measuring Eye- 
piece (suggested by Dr. Marcus Grossman) determina- 
tion of grain size becomes a simple routine procedure 
which rapidly produces accurate results. It is well 


worth coming to the show to see. 


But this eyepiece is the smallest item in the entire 

The photomicro- 
graph (above) 
represents the 
view seen through 
the evepiece (below) 


B & L Exhibit. Other instruments of far greater impor- 


tance will be shown. Here is a list of them. 


*Ortho-Stereo Camera *Shop Microscope 
Spectrographic Equipment Wide Field Microscope 
*“Ampliplan Eyepieces Toolmaker’s Microscope 
Metallographic Equipment Colorimeters 


*Electroplater’s Microscope — Ultra Violet Optics 


So, be sure to visit the B & L Booth No. A-27. If you 


cannot attend the show, write for complete details to 


Bausch & Lomb Optical Co., 638 St. Paul Street. 
Rochester, N. Y. 


*These are newly designed items. 


Bausch Lomb 


Medium Spectrograph, Large Metallographic Equipment, FSM Microscope, SI Metallographic Equipment, Littrow Spectrogra; 
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N 1683, INO THE FRENCIL CITY OF LA 
Rochelle, there was born Reéneé Antoine Fer- 
chault de Reaumur, who grew up to be “an open- 
eved naturalist, and as diligent and accurate an 
observer as ever lived.” His investigations and 
achievements were so varied and numerous that 


lle de- 


vised a system of thermometry which is_ still 


the modern specialist is put to shame. 


known by his name; he studied the formation of 
pearls, and of the scales of fish; he suggested the 
use of wood fiber for making paper; his. six- 
volume Histoire des Insectes is still a rich mine 
of information for entomologists; he wrote a 
treatise on the arts and crafts of France; he 
studied the manufacture of porcelain; he intro- 
duced tin plate into his native land. 

It seems only to be expected that so versatile 
a genius should have been attracted to some of 
the metallurgical problems of his day. Such was 
indeed true, for in 1722, he published in Paris a 
large book of 566 pages and 17 plates entitled, 
The Art of Converting Wrought Iron Into Steel, 
and the Art of Softening Cast Iron, or of Making 
Articles of Cast Iron as Perfect as of Forged Lron, 
This book, in the words of a biographer, “made 
known new processes for the working of iron and 
for the manufacture of steel which brought about 
quite a revolution.” Harry Brearley, one of the 
most eminent English steel metallurgists, has 
Written that “Réaumur may be regarded as the 
originator of cast steel, though his process was 


superseded by that of Huntsman, 


Who 20 vears later in 1740 in- By Bernard Collitt 


troduced the practice of melting ce- Metall 
mented bar iron. To Réaumur’s 


credit, however, it should be said 
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TESTING AND 


CONTROL INSTRUMENTS 


OF 200 YEARS AGO 


ver 
i 


that his earlier process the melting of wrought 


iron with some carburizing material is now by 
far the most commonly used method of produc- 
ing crucible cast steel.” 

Reaumur’s way of making malleable iron 
castings is still used extensively in Europe, where 
it is known as the Réeaumur or white-heart 
process. 

A diligent and accurate experimenter would 
certainly want to know something of the proper- 
ties of his product, so Reaumur made use of the 
testing and control apparatus shown in the illus 
stration on the next page, which is reproduced 
from Plate X of his book whose tithe is given 
above. From the context it appears that he 
tested his steel for hardness, tensile strength, and 
for “body.” 

In Fig. 3. in the lower left corner of the plate 
is represented the hardness test; in this trian- 
vular prisms of two different steels were placed 
The flat 


surface of the upper prism was then struck, 


edge to edge at right angles as shown. 


cither by a hammer, or by a weight falling from 
a constant height. The indentations on the edges 
of the prisms were compared; the smaller the 
indentation the harder the steel. The sketch 
shows two steels of equal hardness. 

Figure 1 on the extreme left, shows the ten- 
sile testing appliance; the test piece, in the form 
of wire or a thin rod, is secured at the upper end 
on a fixed support (shown as a stout hook g) 
and the stress applied at the lower end by load- 
ing the lever /-/ at the end & on the right. 

The interesting point about this 
apparatus is the metal saucer sup- 
sis} ported at the middle of the test 
piece. This saucer contained a few 


pieces of glowing charcoal to heat 
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In 1722 Réaumur Had a Good Idea of the Microstructure of Steel, Had Measured 
Hardness by Mutual Indentation, and Had Made Tension Tests at Elevated Temperatures 


up this portion of the test piece to the tempera- 
ture “necessary for it to take the quench” in 
other words, to the critical range. Tensile test- 
ing of steel at elevated temperatures, therefore, 
was carried on over 200 years ago! 

The remaining apparatus shown in Fig. 1, is 
that for estimating the “body” of steel, and sev- 
eral of the parts of the machine are depicted 
separately. The steel bar or rod N-O to be tested 
was fixed in the vise C and loaded as a cantilever 
by the action of the screw F. The stress applied 
was not measured, but the deflection of the test 
piece up to the time of fracture was measured on 
the scale A-L. 

Figures 5 and 6 represent the structure, as 
imagined by Réeaumur, of a grain of steel “pro- 
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digiously magnified.” M, M are the molecules of 
which the steel is composed, V, V are voids. 
Many a metallurgist since Réaumur’s time has 
been compelled, as he was, to reduce the section 
of his test pieces until they could be broken by th: 
apparatus available, and many a metallographe! 
has repeated what Réeaumur wrote: “These lam 
ellae should be viewed through a much mor 
powerful microscope.” 

Casual glances through the following page: 
will show what progress has been made in th 
branch of physical metallurgy since 1722, near! 
all of it in the life time of some men still with us 


Fortunate are we in these days to be provide: 
with machines, apparatus and instruments © 
such capacity, utility and accuracy. 
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N OUR RESEARCH WORK ON VARIOUS 
problems connected with the rapid and eflicient 
production of hot rolled and cold rolled strip, 
we have had particular occasion to study such 
matters as preferred orientation and directional 
properties of sheet metal, rolled in various ways. 
In such work the X-ray is of course invaluable, 
if, indeed, not indispensable. In an article in 
Mera ProGress in November, 1932, I have al- 
ready attempted to give the elements of X-ray 
technique applicable to this problem and_ the 
conclusions that may be drawn therefrom. 

No large departure from standardized equip- 
ment is necessary if one X-rays metals at room 
temperature. However, we were led to investi- 
gate the cause of some curious results discovered 
in metal after rolling at temperatures near the 
critical range in carbon steels. This immedi- 
ately required some X-ray patterns made when 
the metal was red hot. 

Research involving X-ray diffraction from 
metals at elevated temperatures has always been 
difficult. 
tion of the cassette itself (the cassette being es- 
sentially a specimen and plate holder), since it 


The reason for this lies in the construc- 


has previously been necessary to place the X-ray 
the 
When operating such cassettes for high tempera- 


film on inside of this cassette or camera. 
ture research, they must be either evacuated or 
filled with a neutral or reducing 
atmosphere to prevent oxidation 


By Norm 
) 


in Pp, Ci SS 


of the specimen. After the X-ray a SG 
exposure is completed, the film Cold Metal | 
must of course be removed from Y oungst 
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X-RAY EQUIPMENT FOR 
STUDYING METAL AT 


HIGH TEMPERATURES 


the cassette to develop it, and to do this the speci- 
men must be cooled to room temperature and 
the vacuum or gas seal broken. 

This the construction of the 
apparatus made it impossible to take a progres- 
sive series of X-ray diffraction patterns at vari- 
ous temperatures, and thus follow the changes 
Obviously, a 


drawback in 


occurring in the crystal structure. 
study of this kind cannot be made if, after each 
exposure, the specimen must be cooled to room 
temperature. If the specimen is disturbed after 
each exposure, it is impossible to replace it in 
the cassette so the X-ray beam will pass through 
exactly the same point as formerly — yet to get 
valuable results one must follow the structural 
changes occurring at a given point within the 
specimen, which should not be changed during 
the entire investigation, 


Improvements in Apparatus 


These difliculties have been surmounted in 
our new type of diffraction cassette, or specimen 
and film holder, designed primarily for high tem- 
perature work, and constructed on an entirely 
new principle. The photograph on the next page 
shows the entire equipment, the cassette C at- 
tached to a metal X-ray tube X, and the refrig- 
erating system 

The equipment consists of a metal X-ray tube 
It has 


a water cooled, copper target elec- 


built in our shop of 14°. chromium steel. 


trode to which a molybdenum but- 


—— ton is attached. The tube is evacu- 
cess C ated with a Gaede pump backed by 
O} a hyper-vac pump. A refrigeration 
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unit R is used between tube at right and pumps 
below to prevent the mercury vapor from. dif- 
fusing over into the X-ray tube and impairing the 
vacuum, 

The tube is operated at $5,000 volts and 50 
inilliamperes. This assures an intense X-ray 
beam. The beam is defined by a series of dia- 
phragms, the first one being only 0.1 in. from the 
target focal spot. The X-ray beam is nearly 
parallel by the time it reaches the specimen in 


the high temperature camera. 


Equipment for X-Ray Radiography of Metal at High 
Temperatures and in Controlled Atmospheres or in 
Vacuum, © is the air-tight cassette which holds the 
wire or ribbon along its vertical axis. X is the X-ray 
tube. A refrigerating system R is between the tube 
and above the gas pumps. The metal specimen is 
heated by passing an electric current through it. 
and the film is wrapped outside the cassette 
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The specimen in the form of a wire or ri))- 
bon is placed in the center of the evlinder cham 
ber by aflixing it to appropriate terminals in the 
top and bottom head. The cylinder itself is made 
of bakelite tubing, with a wall thickness of 0.06 
in., Which permits the diffracted K-radiation 
emitted from a molybdenum target to pass 
through freely with very little absorption. On 
the other hand, the undesirable scattered radia- 
tion is completely absorbed by the bakelite and 
clear X-ray patterns are therefore obtained even 


after long exposures. 
Film Outside of Specimen Holder 


The film, in a light-tight envelope, is merely 
wrapped around the outside of the evlinder with 
its center near the axis of the beam of X-rays and 
held in place by a rubber band. Good diffrac- 
tion patterns can be made in 10 to 15 min. when 
an intense X-ray beam is used. The resulting 
patterns are not systems of concentric circles, as 
would be the case if the film were flat and at 
right angles to the beam, but are ovals. Measur 
ments are made along the minor axis of thes 
ovals, the same as films made in circular cas- 
settes according to Hulls method. 

The upper and lower fixtures, holding th 
specimen, are also used to lead a controlled elec- 
tric current through it, heating it by resistance to 
any desired temperature. To prevent overheat 
ing the bakelite by the specimen, the tube 
should be at least 5 in. diameter, and the speci- 
men should be kept as small as possible in cross- 
section. When these precautions are taken thi 
specimen may be heated as high as 2300) F. with- 
out damage to the cassette. 

The temperature of the specimen is observed 
through a thin glass window mounted on th 
bakelite tube, and measured with an optical 
pyrometer for temperatures above 15007)! 
There is available in this laboratory an optical 
pyrometer which has been calibrated very accu 
rately for temperatures above 13007) F.. and 
which is checked by a fixed point at frequent in 
tervals. No corrections have been found neces 
sary for absorption by the glass window. Fo 
temperature readings below 13007 F., other met! 
ods must be used, such as welding of fine the: 
mocouple wires to the specimen near the inte! 
section with the X-ray beam. So far we hay 
been interested principally in temperatures hig 
enough to be measured optically. 

There is nothing novel about the constru 
tion of the pin-hole system, except that it mus 
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Alpha at 1350° F. 


be air-tight. Pin-hole systems have been amply 


described in the literature. 
Some Resulting Films 


It is hardly necessary to dwell upon the pos- 
sibilities of this new device for metallurgical 
More fundamental knowledge con- 
occurring in 


researches. 
cerning the structural changes 
metals and alloys should ensue when specimens 
are studied, step by step, while gradually varying 
the temperature. Such investigations are not 
only of theoretical importance but of technical 
value as well. More should be known about the 
structure and constitution of metals and alloys 
in the higher tempera- 
ture ranges, 

To show in a gen- 
eral way what one can 
expect from investiga- 
tions of this kind, a few 
\-ray 
terns will be presented, 
illustrating the effect of 


diffraction pat- 


temperature on the 
erystal structure of 
some important com- 
mercial alloys. 


The pair above is 


Diffraction Patterns of 
12") Chromium Steel Strip, 
Showing Transformation to 
Gamma tron and Recrystal- 


lization on Coolin g At 70° F. 
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Gamma at 1450° F, 


X-Ray Diffraction Patterns of 0.106 Carbon Strip Steel. Scales have been super- 
posed to show radii of principal lines due to alpha and gamma iron respectively 


of 0.10% carbon strip steel, a 
commercial hot rolled strip, 
O.00L in. thick. The left-hand 
film was taken 
metal was held at F, 

that is, quite close to the 


while the 


A, temperature. To prevent 
oxidation a slightly reducing 
atmosphere was maintained 
in the cassette. As shown by 
the distribution of the reflec- 
tions, the ervstalline grains are 
uniform in size, are oriented 
entirely at random, the 
lattice is) characteristic of 
alpha iron. In other words, 
rolled strip, even 
little 


trace of preferred orientation 


this cold 

when very thin, has 

when heated to the A, trans 
formation, 

Lines are shown on these two diagrams in- 
dicating the theoretical radii for reflections (on a 
cassette of this size, using K-radiation from. a 
molybdenum target) for alpha and gamma iron, 
respectively. These will enable a reader not 
thoroughly familiar with A-ray spectrography to 
differentiate between the two patterns readily, 

Without disturbing this set-up, the tempera- 
ture of the specimen was increased to 10” EF, 
and another film exposed the right-hand one. 
This one is characteristic of gamma iron and is 
a rather unexpected result. This temperature is 
about midway between A, and A, for 0.10% car- 
bon steel, and one would think that the structure 


should consist essentially of alpha iron, mixed 


At 1480° F. 
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with a smaller amount of austenite (carbide in 
solution in gamma iron). 

The general appearance of the pattern is 
strikingly similar to the first one. The metallic 
vrains are uniform in size and oriented at ran- 
dom. The transformation, therefore, did not 
change the grain size or the distribution a 
fact of importance, metallurgically. 

In order to check the experimental pro- 
cedure against results established by Dr. West- 
vren, the same tests were duplicated on a ribbon 
of electrolytic iron. At 1450" F. the structure 
remained entirely alpha iron, which is in agree- 
ment with Westgren’s findings, and is in accord 
with the accepted iron-carbon diagram. 

It is suggested that the apparent anomaly in 
the structure of low carbon steel at 1450° is due 
to the fact that small amounts of impurities exist- 
ing in commercial carbon steel have a very large 
influence on changing the lattice structure in the 
temperature range between A, and A.. 


Changes in Chromium Steel 


The second group on the preceding page 
was taken of a 12‘, chromium steel strip, 0.002 
in. thick. The first one, at left, was exposed at 
room temperature; it is characteristic of alpha 
iron. The grain size of this material has been 
refined by cold rolling. 

When the strip is heated to 1480° F. the 
lattice, as shown in the middle radiograph, 
changes over to the face-centered cubic, char- 


acteristic of gamma iron. This is in general 
agreement with the structural diagram for the 
12°. chromium-iron alloys given by Dr. Krivobok 


At 70° F. At 1640° 


in The Book of Stainless Steels, second edition. 
page 20, which shows a temperature interya! 
starting at 800° C. (1475° F.) where cement 
alpha solution and gamma solution co-exist. |t 
is obvious, also, that the material has recryst»|- 
lized. 

When the temperature of the strip was pro- 
gressively lowered, transformation into alpha 
iron did not occur promptly; the gamma lattic: 
persisted even at 1300° F. The optical pyrom- 
eter could not be relied on for lower temperatur 
readings, so the exact transformation tempera- 
ture could not be determined, but when the sam- 
ple was cooled to room temperature, its structur 
was found to be alpha iron, as shown in the right- 
hand radiograph. When the same was reheated 
to 1300° F., the alpha iron lattice still persisted. 

The transformation of gamma _ into 
alpha iron refines the grain size considerably, 
This is a very interesting event, because grain 
refinement did not occur in the low carbon stec! 
When it transformed from gamma into alpha 
iron. These delayed transformations in 
keeping with the general nature of high chro- 
mium steels. 

The structural changes which were found to 
occur in cold rolled “Nevastain” (a high alloy 
steel containing about 16° chromium, nicke! 
and 1‘. copper) when heated to elevated tem 
peratures were of unusual interest. These ar 
shown in the group of three radiographs below. 
The left-hand view is the X-ray exposure of the 
cold rolled specimen. The grain fragments are 
oriented statistically with the (110) erystalline 
planes, tending to parallel the direction of roll- 
ing. The X-ray diffraction (Continued on p. 176) 


F. After Cooling 


One Preferred Orientation in Complex 16% Chromium Steel (“Nevastain”) Is Stable at Both Room and 
Elevated Temperature, While a Second Has Arisen From Changes Taking Place During Annealing 
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AT BOOTH L-24 


National Metal Exposition, Chicago 
Sept. 30, Oct. 1, 2, 3, 4 


Anticipating tomorrow’s demands for equipment of Metallurgical 
Research Laboratories, we exhibit 


The Following New Instruments: 


A new Automatically Recording Dilatometer. Unique in compactness of design, accuracy 
of the curves and sensitiveness in recording the minutest changes in metals caused by 
thermal influences. Especially valuable for determinations of properties of light metals 


Vacuum Heating Chamber attachable to 
latest Leitz Micro Metallograph permit- 


: ting observation of the micro structures 
al Microscope with Photographic of metal specimens while they are being 


Camera PANPHOT suited for every con- heated to a maximum temperature ol 
ceivable task of modern microscopy 1150° C 


And many other new and valuable instruments for the metallurgist such as 3 of the 
latest models of Leitz Micro Metallograph, a new greatly improved model of the Guthrie- 
Leitz Automatic Grinding and Polishing Machine as well as simpler models of metal 
microscopes and accessories. 


Consult our Technical Staff for recommendations and assistance in solving your micro- 
metallographic and dilatometric problems 


« 
‘ ' 
LEITZ. Ine. 
60 East 10th Street New York City 
Branches: WASHINGTON, D. C. CHICAGO, ILL. SAN FRANCISCO, CAL. LOS ANGELES, CAL. 
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HIS ARTICLE IS NOT FOR THE METAL- 
lurgist in a steel plant or non-ferrous mill, nor 
for his professional brother in a large, modern 
plant on mass production, but for the man in the 
small shop, fabricating better-than-average metal 
into parts or machines that are sold on quality 
rather than price. 

To the management of such a plant there 
must come, sooner or later, the problem of get- 
ting the most possible out of available metal, of 
explaining the limitations of the material and 
fabrication processes to the designer, and of con- 
vincing the shop foreman that better ways to do 
it have been discovered since he was an appren- 
tice. When that time comes a man already on 
the pay roll, or a new one added to the staff, is 
given these responsibilities, and for lack of a 
better name we will call that man a “metallur- 
gist,” no matter what his other duties are, or 
what his title (or lack of title) implies. 

At this time the question of cost will arise. 
“What will be the cost of metallurgical con- 
trol?” ‘This article is an attempt to answer that 
question for the small plant taking its first steps 
in that direction in other words, the problem 
of adequate metallurgical control with modest 
equipment. 

It should immediately be apparent that the 
first essential is the metallurgist himself. No 
matter what equipment the plant has, or what it 
manufactures, no matter what the raw material, 
no matter whether the operations are performed 
by automatic machinery or hand work, in any 
plant “metallurgical control” is ab- 


sent unless there is one intelligent  - 
ne 
4 
| rt ns f mn Address Bef re Vat 1s ( 


MINIMUM EQUIPMENT 
FOR METALLURGICAL 


CONTROL LABORATORY 


man whose function it is to see that the materia! 
most adaptable for the manufacturing operatio: 
is procured, and to see to it that these subsequent 
manufacturing operations manipulate the metal 
without abuse so that at the end a quality prod- 
uct is built. 

It should be emphasized that the largest ex- 
pense and the most continuing expense of meta!- 
lurgical control is the metallurgist himself. A 
reasonably workable laboratory can be installed 
once and for all and costs less than the total of 
the metallurgist’s salary for the first vear. That 
expense, once incurred, is all that is necessary 
beyond moderate amounts for upkeep and ex- 
pansion, but the metallurgist’s salary continues, 
month after month. 

It is obvious, therefore, that unless the man- 
agement is thoroughly convinced that money so 
spent is money well spent, it will be a mistak« 
to install any equipment whatever for so-called 
metallurgical control. Only when it is used as a 
tool in an intelligent man’s hands can the best 
furnaces, pyrometers, and testing equipment in 
the world do anything of value in improving th 
output or lowering its cost. 

Let us assume now that the management has 
made up its mind that such a continuing expend! 
ture for salary would be justified, and a mal 
who will probably be able to do a satisfactory 
What are the minimum tools 
which he will need? 

First I would say is a library 
inherited wisdom. By this I do not mean th: 
he needs a whole wall covered with books. Il 


job is available. 


a rect rd of 


must, however, have information (on almos 

every metallurgical matter und 
the sun) (Continued on page 1: 
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Leaf springs are heat-treated 


CURRENT 
CONTROL 


® See the Micromax Family and 
Triple-Control Hardening and 
Homo Dense-Load Tempering 
im LAN Booth at the Metal Show 
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Detroit Steel Product ¢ s S« radiant tube furnaces on which 


of Micromax Pyrometers is us 


THEY HAVE AUTOMAT 


Because a potentiometer pyrometer measures the tempera- 
ture of a thermocouple by balancing the ‘couple's voltage 
against a controlled standard voltage, both voltages represent 
temperature, and the reliability of the pyrometer is afiected by 
the reliability with which the standard voltage 1s controlled. In 
practice, control of voltage is achieved by controlling the cur 
rent from a battery. 

\s in other equipments, this control can be either manual or 
automatic. And, again as in other equipments, automatic con 
trol is the advanced, reliable control. So, in Micromax long 
scale instruments, manual current control has given way to 
automatic control. 

Micromax is the only potentiometer that uses the automatic 
method. It’s the one in which accuracy is protected when some 
one forgets to “standardize.” It’s safeguarded against hurried, 
inaccurate current control—it’s the fully-automatic potent: 
ometer. 

There’s a Micromax for every service requirement—every 
type of ‘couple—every range of temperature Details on 


request. 


LEEDS & NORTHRUP COMPANY 


4927 STENTON AVENUE PHILADELPHIA, PA 


EDS 


MEASURING INSTRUMENTS AND CONTROL EQUIPMENTS 


169 


i 
| 
Lae? 
i 
— ot 
= 
ry 


(Cont. from p. 168) available some place close, 
so he can dig into it and find it when the neces- 
sity arises. It will be impossible to predict in 
advance what the question will be. One day it 
might be a matter of high speed steel, the next 
day free-cutting brass, the next day an undue 
run of breakages in the press shop, and the fol- 
lowing day some hard spots on castings! 

This library should be as encyclopedic as 
possible, and such a library has been accumu- 
lated for him during the last 20 vears by our 
own Society. Any intelligent man who is able 
to use a complete file of publications of the 
American Society for Metals will find that it con- 
tains definite information on 75 out of 100 of the 
specific problems he must solve in daily work. 

So let us put down as the first piece of equip- 
ment which should be bought for the new metal- 
lurgical department: One set of publications of 
the American Society for Metals at a cost of about 
$125.00. The metallurgist will then find that his 
success is limited only by his own ingenuity in 
applying the facts acquired from this storehouse. 

Given the man and his library, he is ready 
for any one of a hundred things which might 
crop up on the spur of the moment in planning 
his laboratory and its equipment. However, he 
can arrange in advance only for the specific 
things which he would feel are really necessary. 


Inspection for Uniform Material 


One of the most important things which 
should be under metallurgical control is the re- 
ceipt of proper and uniform material (with 
emphasis on the uniform). While it is impos- 
sible in the present state of knowledge to specify 
the characteristics which would make the metal 
best for forging, or for machining, or for press- 
ing, the metallurgist should insure that the raw 
material coming in is as uniform as_ possible, 
bar-to-bar and = shipment-to-shipment, that 
production can be set up and planned to handle 
efliciently this particular kind of raw material, 
even though it might not be the best in the world. 

Much stress is laid upon the chemical an- 
alysis of the raw material, vet it is not recom- 
mended that a chemical laboratory be installed 
ina small plant such as the one under discussion. 
There are enough qualified consulting chemists 
and laboratories available, and this work would 
ordinarily be better and more cheaply done by 
one of them. Reliable vendors of the metal can 
also give fairly accurate information concerning 
the chemical analysis of the shipment — ordi- 
narily close enough for the purposes in view by 
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the customer. Carbon content is probably 
most important, and an estimate of plain car} 
steels can be made by measuring its hardness 
the normalized condition. 

As a matter of fact, cleanliness and j 
defined qualities known as hardenability, m 
chinability, “body,” or “timber” are of great 
importance in the selection of high grade ste 
than the chemical analysis. Cleanliness cay 
best be judged by cutting a small cube from 4 
representative sample in such a way that th 
longitudinal section half-way from the center of 
the sample can be polished. The unetched area 
of this metal surface can be examined under thy 
microscope to get an idea of the number and 
size of the inclusions. This examination should 
be made in conjunction with the deep etch test: 
it is simple to cut a disk, smooth it roughly, and 
etch it in boiling acid, according to the recom- 
mended practice of the American Society for 
Metals. The interpretation of the deep etch test 
is a mater of skilled judgment, aside from major 
defects which would reject the metal definitely. 

If the metal is to be carburized subsequently 
or if it is to be used in the quenched and hard- 
ened condition it is well to put a small sample 
of the metal through the regular hardening rou- 
tine and examine the fractures, and the polished 
and etched surfaces. If the sample is to be car- 
burized, the MecQuaid-Ehn carburizing test is 
excellent to determine its suitability. If the ma- 
terial must be fine or coarse grained after a par- 
ticular heat treatment (to insure toughness or 
machinability) it should be examined for grain 
size under a microscope after the specified heat 
treatment. If it is of tool steel grade it can best 
be appraised by the penetration of hardness and 
its susceptibility toward coarsening by the so- 
called P-F tests proposed by Shepherd. 

From the above it will be apparent that the 
problem of inspecting incoming metal is one 
which requires a minimum of equipment but a 
maximum of intelligently keen eyesight! Some 
indications also appear as to the minimum ol 
necessary equipment to be installed by the meta! 
lurgist. He has already turned thumbs down on 
chemical equipment, but he must, however, hav: 
equipment for heat treating and hardness testing 
and for microscopic examination up to 100 

Before saying a few words as to the expens: 
of this equipment, a few thoughts are appropr! 
ate about the need of making tests on the other 
physical properties of the metal. 

Designing engineers have in the past anc 
probably always will set great store upon thos¢ 
tests which determine (Continued on page 172 
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HARDNESS TESTER 


ERE is a new size of “ROCKWELL” that will test work up 

to 3” thickness and that has 519" in depth of throat. — It is 
Model 1-R. You may also observe a change in the load lifting 
system at the top of the machine. That change has been made 
on all models of the “ROCKWELL.” We are always working 
for increased sensitivity, accuracy and durability, 


WILSON 


379 Concord Avenue, New York, \. Y. MECHANICAL INSTRUMENT CO., INC. 


Exclusive representatives throughout Canada: The Canadian Fairbanks- Morse Company, Limited 


OCTOBER, 1935 171 


r= 
| 
‘ 
MLE 
4 
Nate 


(Continued from page 170) the ultimate tensile 
strength and ductility of the metal. Other engi- 
neers pay a good deal of lip service to the impact 
strength of metal, while still others are very in- 
sistent that fatigue tests are most important. 
However, for the general problem of a metal- 
lurgical department with a minimum of equip- 
ment, it may be assumed that these specialized 
problems will not arise. Of course, if they do 
special equipment must be installed. 

For the purposes of general utility, metal 
should be high in tensile strength, tough under 
shock, and clean and sound internally. The best 
way to approximate the relative adaptability of 
a piece of metal, either as received or after alter- 
native heat treatments, would be to test the ma- 
terial for these three properties, namely, strength, 
toughness and cleanliness. How can this be done 
with the minimum of equipment? 

We have already indicated the manner in 
which internal cleanliness can be discovered. 
Lacking a tensile testing machine, a good idea of 
the strength can be had from the hardness. Equa- 
tions and curves showing these relationships 
have been worked out for various metals and 
are available in the metallurgist’s library. What 
could be simpler than to take a sample, heat 
treat it to standard condition, test it for hardness, 
and then take off the ultimate tensile strength 
from the curve or corresponding formula? 

Sometimes nothing else but a tensile test will 
do. Then the best way is to send the work to a 
firm of inspecting or testing engineers. If such 
work is more frequent, one of the small hydrau- 
lic machines developed for testing samples in 
the field cut from welded pipe joints will be suit- 
able. The cost is $700. If tension testing be- 
comes a regular routine and one of the excellent 
hydraulic or lever type machines now available 
is installed, the metallurgical department will 
have outgrown the embryonic stages. 


Testing for Toughness 


As for “toughness” — one of the essentials of 
good metal — the metallurgist would do well to 
adopt the slow bend test described by A. B. 
Kinzel in Transactions, A.S.S.T., 1927. It should 
be emphasized that in making this test one is not 
simply interested in the angle of the bend, but in 
the elongation of the ultimate fiber at the out- 
side of the bend. 

The test is made on bars at least three times 
as wide as they are thick, and of any convenient 
length. The ends are both bent slightly over and 
then the bar squeezed endwise in a vise or press 
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until the first signs of distress or fine fractu 
appear at the place where the bend is short; 
The amount of extension at the outer fiber m 
be read by a simple depth gage with a prope: 
calibrated dial, costing about $15. Lacking th 
a templet can be fitted to the curve, the radi 
of the are determined by a pair of compass: 
and the extension computed. 

Of course, it is not to be inferred that impa 
testing equipment or the rotating beam fatigu 
machine would not be valuable adjuncts to mos 
metallurgical laboratories, but since the subject 
of this article is metallurgical control with a 
minimum of expense, one must point out that 
considerable information can be secured con- 
cerning the important physical properties of 
metal in process by very simple means, namely, 
hardness testing, bend testing and deep etching. 


Hardness Testers 


Hardness testing machines are well enough 
known so that no description is necessary. The 
price of the Rockwell hardness tester ranges 
from $325 to $445, depending upon the size and 
design, and a good model for general use will 
cost $385. Undoubtedly the machine with spares 
and adjustable work supports can be secured and 
installed for a total of $400. 

A Brinell machine for testing hardness can 
be bought for somewhat less money. Further- 
more, a complete Shore scleroscope costs only 
about $275. It is not necessary to enter into a 
discussion as to whether the scleroscope or 
Rockwell machine or Brinell machine should be 
installed, but what should be emphasized is that 
one of the three machines is absolutely necessary 
before any metallurgical control can be exer- 
cised in a plant. 

So far we have considered three essentials 
for metallurgical control; first, the man; second, 
his library; and third, his method of determining 
the physical properties of the metal in process. 
The reasonable assumption must now be made 
that the metallurgist will be continually on the 
look-out for any procedure to make the metal 
more amenable to his desires by appropriate 
heat treatments. This last phase of his activities 
requires two essentials — first, an accurate py- 
rometer, and second, a good furnace. 

First class pyrometer equipments are so rea- 
sonably priced that there should be no excuse 
for installing anything but devices manufactured 
by reputable firms. Further, it should be obvious 
that metallurgical control means metallurgical 
control, and no control (Continued on page 174) 
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boro Potentiometer Controller can detect this small 
movement and exert control action accordingly! 
When the temperature in your furnace, kiln or re- 
tort begins to vary slightly, the galvanometer 
pointer of the Controller need deflect as little as 1- 
or 2 1000th of an inch, to cause the instrument to 
change the valve setting and restore the control tem- 
perature. 

There is no “dead-spot” in the Foxboro Controller— 
when the pointer deflects, control action follows. 
The result is: close temperature control—the kind 
you need for quality heat-treating. 

If you are trying to get along with control pyrom- 
eters that are out-of-date, inefficient, unreliable— 
why not replace them with these modern Foxboro 
Controllers? Investment is surprisingly small— 
particularly if you can group several Controllers and 
operate them with one drive unit. 

NEW BULLETIN 202 


gives full details. Send for your copy. 


THE FOXBORO COMPANY 


52 Neponset Avenue 


 KFOXBORC 


COMPLETE INDUSTRIAL INSTRUMENTATION 
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(Cont. from page 172) exists if the furnace tem- 
peratures are in any way doubtful. The metal- 
lurgist should have a calibrated thermocouple 
which is used for nothing except laboratory work 
and one with which he verifies the accuracy of 
similar equipment out in the shop. 

As an indication of the reasonable price 
charged for high grade equipment, about S100 
will buy a high resistance indicating pyrometer 
of the millivoltmeter type, scale graduated up 
to 2100) F. and with automatic cold junction 
compensation. A base metal thermocouple and 
protecting tube cost less than $20. With such 
equipment available for such a price, why worry 
along with anything less suitable? Recording 
pyrometers with the same range cost from $235 
to S260. 

It would be very well indeed if a rare metal 
thermocouple could be used for a permanent 
standard in the laboratory and this also costs 
surprisingly little, approximately $60 for a plati- 
num thermocouple 12 in. long. For a slight ad- 
ditional cost the indicator dial can be printed 
with a double scale to read directly for both base 
metal and platinum thermocouples. 

It may, therefore, be stated that for approxi- 
mately $325 a recording pyrometer with both 
base metal and rare metal thermocouples, com- 
plete with protecting tubes and lead wires, can 


be secured. 
Laboratory Furnaces 


As to the laboratory furnace, either a gas 
furnace or an electrically heated one will serve 
very well. A muffle tvpe electric furnace with 
heat treating chamber about 8 in. wide, 5 in. high, 
and 12 in. long will serve for a large number of 
investigations. The price, including switchboard 
and transformer, suitable for 60-cycle current, 
110 volts, is about $325. Temperature is con- 
trolled by a regulating transformer whose cost 
is included in the above figure. If automatic 
control in such a furnace is desirable, it can be 
had for $225. It will be apparent, therefore, that 
for an expenditure of $325 to $550 a very ade- 
quate electric furnace equipment can in- 
stalled. 

If a gas furnace is desired, an excellently 
made hearth furnace, slightly larger, will cost 
$250, complete with burners and valves for hand 
adjustment. Automatic valves for control will 
add S90 to this figure (if the necessary pyrometric 
equipment is available). 

As inferred at the outset, a small microscope 
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will be very useful, first for examining the clea 
liness of steel, next its grain size, and last its pr. 
sponse to various heat treatments. About t! 
cheapest instrument manufactured by respons 
ble concerns is a shop microscope suitable fi 
magnifications of 40 diameters. This costs $1 
and would be suitable for the visual examinatio; 
only. 

This figure should be increased to $75 to in 
clude the cost of polishing papers and abrasives 
(polishing to be done by hand) and a supply of 
etching reagents and glassware. 


Photomicrographic Equipment 


The metallurgist will speedily find that pho- 
tomicrographs are necessary when he discusses 
problems with other members of his organiza- 
tion, and even in corresponding with suppliers of 
his material. This will require a rather better 
and more rigid microscope, costing about $100 
with one set of lenses, an illuminator ($20) and a 
camera bellows and stand to place over the eye- 
piece ($100). (Metallurgical microscopes, illumi- 
nators and cameras mounted on a single bench 
will cost from $500 up, depending on the lens 
equipment and number of accessories desired.) 
There will also be the expense of developing and 
printing equipment which may run up to about 
SO0, if a suitable dark closet is available. 

In conclusion, we may list the items. Aside 
from salary cost, the absolute minimum may be: 


Library $ 75.00 
Hardness tester 275.00 
Pyrometer 120.00 
Gas furnace 250.00 
Shop microscope and accessories 75.00 
Bend extensometer 15.00 
Miscellaneous furniture and 
installation 100.00 
Total $910.00 


It would appear that the cost would be about 
$1000 at the start, and well worih it to any con- 
cern Which really desires meallurgical control. 
Such an organization would be well advised to 
“plunge” to the extent of $3000; thus: 


Library $125.00 
Hardness tester 400.00 
Pyrometer 325.00 
Automatic electric furnace 550.00 
Tensile and bend testing equipment 715.00 
Microscope and camera 250.00 
Dark room equipment 50.00 
Furniture and installation 250.00 

Total $2665.00 
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_= RECORDING CONTROLLER 


THIS PERFORMANCE OF A’ SELF-BALANCING 
POTENTIOMETER CAN BE ACHIEVED ONLY 
WITH TAG PHOTOELECTRIC DETECTION 


A triumph in simple design and sensational per- 
formance. This instrument is not merely a Recorder 
with some Controller attachments, but is designed 
so that recording does not interfere with controlling. 
Made for on-off two-position and three-position con- 
trol and guaranteed to control closer on any appli- 


cation. A close rival of the remarkable TAG Indi- 


Sane 5 cating Controller which indicates with a_ brilliant 
TAG INDICATING CONTROLLER | i line of light, which shows green, white or red for 
PHOTOELECTRIC ACTION low, normal or high temperatures. 


TAG Pyrometer Controllers operate with a beam*of 
light,a mirror-galvanometer and a photoelectric cell, 


Write for Bulletin No. 1101-76, which illustrates and de- 
scribes\TAG Pyrometers and Resistance Thermometers. 


| 


Vets 


Visit Booth I-11 at the National Metal 


Show, and see what “simple design and 


sensational performance’> means in a 


complete array of TAG Pyrometers:— 
Recorders .. . Recording Controllers . . . 


Indicators ... Indicating Controllers... 


Program Controllers... Non-Hunting 


Throttling Recorder-Controllers . . . Re- 


TAG RECORDING CONTROLLER sistance Thermometers ... Thermo- 
PHOTOELECTRIC ACTION couples ... Switches... ete. 
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x R AY E O U q p M E N T patterns at elevated temperatures with ease a: 


‘rapidity. Since the film is mounted on the ov 
side of the cassette, the specimen need not | 
disturbed during the entire investigation. Th), 
bakelite cylinder about which the film is mount 


(Continued from p. 166) pattern at 1640° F. is 
shown in the center; a new recrystallization 
orientation has appeared. On cooling to room easily transmits the characteristic radiation « 
temperature, a second orientation appears along molybdenum but absorbs the scattered and stra 
with the one present at the elevated temperature, 
as shown in the right-hand print. In other words, 


two orientations are present instead of only one. 


radiation which would otherwise fog the film. 

A progressive series of X-ray diffraction pat 
terns can be made of any specimen, over a larg: 
It is at once apparent that if only the X-ray temperature range either on heating or cooling, 
patterns at room temperature, both before and thus permitting one to follow structural changes 

occurring Within the specimen. 

The stability of the grain structure can also 
be studied at any given temperatures, since thi 
heat can be held indefinitely and the X-ray film 
replaced at regular intervals without disturbing 


after annealing, had been considered, er- 
roneous conclusion would have been reached, 
namely, that only one recrystallization orienta- 
tion was developed by heat treating. As a matter 
of fact, one of these is stable at both room and 
elevated temperature, while the other transforms the specimen. The effect of various gases on the 
as the temperature is lowered. (The transforma- grain structure can also be easily studied. 
tion temperature was not determined.) This is 


a very important result, and bears a fundamental LL 
relationship to the physical characteristics. \ Y 


Advantages of New Equipment 


In summary, it may be pointed out that this 
new cassette permits us to make X-ray diffraction 


T THE National Metal Exposition in Chicago, September thirtieth to October fourth, Bristol 
will exhibit a new instrument that is of far-reaching importance to metal plants. It is one 

of the most important contributions to the art of process control which Bristol has made since, over 
forty years ago, Bristol's original recorders initiated industry's first attempt to control production 


and better quality. Be sure to see it at Booth No. G-4. 


THE BRISTOL COMPANY, WATERBURY, CONN 


Branch Offices in pr nal cities, Canada; The Bristol Co. of Canada, Ltd., Teronto, Ont. ; England: Bristol's Instrument Co., 1 don, SLE. 14 


BRISTOLS 


TRADE MARK REG. U. S. PAT. OFF. 


PIONEER IN PROCESS CONTROL SINCE 1889 
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X-RAY 
PROVES IT'S 


“Our manager regards our Keleket Superay equipment as indispensable. It has pointed the way to 
savings and improvements in welding shop and foundry. It has been the means of getting tough com- 
petitive orders for us. We wouldn't be without it.” 


The company president that wrote this letter expresses the general opinion held of Keleket Superay equip- 
ment by operators of modern, successful plants. 


Keleket Superay equipment will help you in securing new business by showing “what's inside” your product. 
It will effect savings by telling the exact condition of your product before it leaves your plant. It will assist 


in making improvements by letting you “see inside” your product. 


You will find Keleket Superay to be one of the most useful and profitable pieces of equipment in your entire 
plant. Use the coupon below in sending for immediate data. 


’ Pioneers THE KELLEY-KOETT MFG. CO., 218 W. Fourth Street. Covington, Ky. 
in the Send me data showing how I can use Keleket Superay equipment 
to advantage in my plant. 
Manufacture 


THE KELLEY-KOETT MFG CO. of X-rey Name ads Title 
ie _ 213 W Fourth Street. Equipment Firm Name 
- Covington, Kentucky Since 1900 Address 
City — State 
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TWENTY-FIRST YEAR OF 


GORDON ’S 
PROGRESS 


IN 
ENGINEERING 
SERVICE 


Furnaces .. Pyrometers 
Testing Machines .. X- 
Ray Inspection and Test- 
ing... Temperature Con- 
trol and Testing. 


PYRO 


THE ONLY SELF-CONTAINED, Di 
RECT READING, RUGGED and FOOL 
PROOF INSTRUMENT FOR STEEL 
PLANTS AND FOUNDRIES. 


Unique construction enables operator t 
rapidly determine temperature even or 
minute spots, fast moving objects, or 
smallest streams; no correction charts, nm 
accessories, no maintenance expense. Spe- 
cial “FOUNDRY TYPE” has, in additior 
to its standard calibrated range, a red cor- 
rection scale determining TRUE SPOUT 
and POURING TEMPERATURES of molten 
iron and steel when measured in the open 
PYRO OPTICAL is NOW available in a 
NEW TYPE with THREE SEPARATE, DI- 
RECT READING SCALES—the ideal in- 
strument for universal steel mill uses, open 
hearths, soaking pits, rolling mills, lab- 
oratories, etc. 

Stock ranges 1400°F. to 5500°F. 


PYRO RADIATION PYROMETER 


The ideal instrument for Purnace, or Stee! 
treating, etc. Gives actual heat of materia! 


aside from 
furnace tem- 
perature. Does 
not require a 
skilled operator, 
strictly automatic 
Eliminates personal errors. Always ready 
to tell within three seconds any shortcom- 
ings in your equipment. Stock Ranges 
1000° to 3600° F. 
Write for special bulletins. 


The Pyrometer Instrument Co, 


107-9 Lafayette St., New York, N.Y. 


GRANT BUILDING, PITTSBURGH 


VISIT BOOTH 1-10, NAT’L METAL EXPOSITION, CHICAGO 


( )' RK business is simply to maintain complete 
stocks and capable men in convenient loca- 


tions so that orders can be filled without delay. 


When you want a few feet of chart paper 
or several thousand yards. . 


When you need thermocouple wires or 
protection tubes—in any quantity... 


| When you want repair service that is fast 
| 


and reliable ... or 


GORDON SUPPLIED 


Thermocouple Alloys and Thermocouple 


Dr. Albert Sauveur 


“Dean of American Metallurgists,” presents a 


Metallurgical Dialogue 
(Autographed by Author) 


Protecting Tubes... 


X-Ray Inspected and Selected for your 


your protection ... 

NOTIFY ONE OF THESE OFFICES 
Our Stock of Charts... Insulators .. . 
Lead Wires is the best that money can buy 


UNIQUE and informal method of pres- 

entation wherein a master answers his 
pupil’s question as to ‘‘why steel hardens 
when plunged red hot in cold water’’ is util- 
ized by Dr. Sauveur, Gordon MeKay Profes- 
sor of Metallurgy and Metallography in 
Harvard University, in this fundamental 
discussion of steel metallurgy and metal- 
lography. 


We have a record of 21 years of honest service 


: You are cordially invited to visit our exhibit in 
ie Booth No. 1-10 at the National Metal Exposi- 
tion, Chicago, September 30 to October 4, 1935 


The questions asked by the pupil during the 
course of the dialogue lead to many subjects 
such as red shortness, alloy steels, cold work, 
high speed steel, corrosion, and _ stainless 
steels. Valuable historical material and a 
complete review of the various theories of 
hardening steel are included. Bound in cloth, 


CLAUD GORDON CO. 
CHICAGO, ILLINOIS 


Telephone: Haymarket 4983-4 


a PYROMETER SERVICE & SUPPLY CORP. 
see 1988 EAST SIXTY-SIXTH ST. 200 pages, 516x8 in., 12 illustrations. 
aS CLEVELAND, OHIO 


Pre-Publication Price—$2.50 


After Aug. 25, $3.00. Send your order and check 
immediately to 

AMERICAN SOCIETY for METALS 

7016 Euclid Ave. Cleveland, Ohio 


Telephone: HEnderson 5540 


CLAUD S. GORDON COMPANY 
314 INDIANA TER. WAREHOUSE BLDG. 
INDIANAPOLIS, INDIANA 

Telephone: Lincoln 8848 


CLIP THIS FOR READY REFERENCE 
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New Chainweight Balance, Type DLB 


For Speed... 


For Accuracy 


| 
AINSWORTH 
BALANCES 

a a Ar 
Fifty years’ experience is built into these bal- 
ances, meeting the exacting requirements of 


the user. Demand Ainsworth Balances when 
both accuracy and speed are essential. 


Send for Bulletins A3, A3l and W1, covering 


Microscopic 
Study and prepara- 
tion of irregular 
specimens made 
easy through 


Bakelite 
Mou muting 


our complete line of balances and weights. Or > atin — 
ask your nearest dealer to demonstrate their | he W: aco I ress ~* . 
time-saving and constructional features. lor 1 


B 


irregular specimens, including even wires, enamel or plated 


sheets, ball bearings, ores, ¢ al, et 
and quick, the finished mount being hel 


during the grinding and polishing op 


Write for’ W; aco Service 


Vol. 1. 1935. = /t tells about 
4 Bakelite specimen Mounting 


Grinder 
3. ‘ ‘ol 


Le t. Dire Drive I wew 
ishe with LD j METHODS 
4 Sely Polishing FOR 
atcl | ME 
| nina NX 
ok Steere SCOT | 
6, Bausch & Lomb, Zeiss and | 
Le tz Me all ij hi M 
Keyboard Balance— Type TC 
@eAT THE SHOW—BOOTH M2—SOLTH vi Sir USAT BO or M-2 
uth Hall National Metal | XI on 
national Amphitheatre—¢ hi 


WM. AINSWORTH & SONS, Inc. 
2151 LAWRENCE AVE. DENVER, COLO. WILKENS-ANDERSON 
MIN. Canal St. COMPANY Chicage 
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RECORDING 
FLOW METER 


RECORDING THERMOMETER 
CONTROLLER 


RECORDING POTENTIOME TER 


AIR-O:LINE 
TEMPERATURE CONTROLLER CONTROLLER 


EFFECTIVE RESULTS 


ARE ACHIEVED ONLY AS RELATED EQUIP- 


ame of the size or complexity of your heat treatment and control 

problems, Brown Instruments and Minneapolis-Honeywell controls provide 
a dependable and unified system wherein each unit is accurately coordinated 
with operating conditions—assuring increased efficiency and economical opera- 
tion. 


The Consolidation of the Brown Instrument Company and the Minneapolis- 
Honeywell Regulator Company makes available to the metal working industry 
125 years of experience in pioneering, perfecting and applying measuring and 
automatic control equipment that simplify processes, eliminate retreatments, in- 
crease uniformity—factors which produce substantial savings in production costs. 
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MEASUREMENT and CONTROL 
National Metal Exposition 


MOTORIZED REGULATING 


VALVE REMOTE TEMPERATURE 
CONTROL 


PROTECTOGLOW COMBUSTION 
SAFETY CONTROLLER 


HUMIDITY CONTROLLER THERMOSTATS * 


IN HEAT TREATING 


MENT IS SCIENTIFICALLY COORDINATED 


Whatever need you have for recording, indicating and controlling temperatures, pressure, flows and 
other factors, you will find among the Brown and Minneapolis-Honeywell line the correct instruments 
for your exact purpose. These instruments, some of which are shown above, will be exhibited at our my | 
Booths J-15 to J-19. 


The men in attendance will be able engineers who know your work and will be glad to cooperate with 
you in working out your measurement and control problems. There is no obligation. For catalogs and 
information write the Brown Instrument Company, 4503 Wayne Avenue, Philadelphia, Pa. —Minneapolis- 
Honeywell Regulator Company, 2753 Fourth Avenue, South, Minneapolis, Minnesota. Offices in 
all principal cities. 


MINNEAPOLIS-HONEYWELL 


Control is to Economize 


OCTOBER, 1935 181 


D> = 
ye" | 
oft M 
nc 
= 
| 
; 
— 
val 
he 
= 
de 
ae 
a 
= 


182 


“THE CINCINNATI" Variable Speed CINCINNATI, OHIO Machine and Grinder 


\ really complete metallograph. . . . . Bright field, Dark field. Polarized light, 
Low power survey and Macro-photography. The most perfect metallographic 


instrument. Simple but stable design.— Convenient of operation.— Unexcelled 
optics. Instantaneous change from bright field to dark field without disturbance 
of focus. Other Bright, Dark Field Metallographie Equipment from $490.00 up. 


Descriptive catalogs will gladly be supplied upon request. 


CARL ZEISS, Inc., - 485 Fifth Ave. - New York, N. Y. 


Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif. 


TWO NECESSITIES 
For The Well Laboratory — 


Variable Speed Metallographie Polishing Machine & THE CINCINNATI 


Combination Cut-Off Machine & Grinder are two absolute necessities 


for the well equipped laboratory . . . one for cutting and grinding 


specimens . . . the other for the finished polishing. 


- Write for full details - 


THE CINCINNATI ELECTRICAL TOOL CO, «rie cixcixnar: 


Combination Cut-Off 


Metallograpt Polishing Machine 


GRAIN-SIZE SYMPOSIUM 


(In Cloth Binding) This comprehensive group of papers on an all-important sub- 
, cae 7 ect was prepared and presented before the recent convention 
A Worthy Addition to | 


of the Society in New York City by the following authorities: 
your Metallurgical Library E. C. Bain, U.S. Steel Corp — Kenyon, Amer. Rolling © Shane, Jr., Carnegie Steel 
Mills Co 0. 
L. Clark, Univ. of Mich 
= H McQuaid, Republic B. F. Shepherd, Ingersoll- 
$2.50 POSTPAID IN U.S. A. | Davenport, U.S. Steet “Steel Corp Rand Co, 
F : Cc . 0) sn J. H. Nead, Inland Steel Co. Howard Scott, Westinghouse 
(Foreign Countries 33.0 W. Graham, Jones & W. E. Ruder, General Elec- Mfg. Co ; 
Laughlin Co trie Co T. S. Washburn, Inland Steel 
M. A. Grossmann, Illinois W. E. Sanders, Delco Prod- Co. 
Send Your Order Now To a — to. = A. E. White, Univ. of Mich 


AMERICAN SOCIETY for METALS 
7016 EUCLID AVENUE . CLEVELAND, OHIO 
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RADIUM 


| We rent Radium for industrial radiography. Radium offers many advan- 


tages as to its portability, ease of application and manipulation in the 
examination of castings, forgings, molds, weldings, and assemblies. Radium 
reveals the entire inner structure of a specimen. Use Radium when in 
doubt and be sure of the specimen. Booklet “Radium for Industrial Radiog- 
raphy” furnished without obligation. Write for Copy. 


We invite you to visit our Booth No. B-19, National Metal Exposition 
and Congress, Chicago, September 30 to October 4, 1935 


RADON COMPANY, INC. 


Western Sales Representative 


RADIUM AND RADON CORPORATION 
Marshal! Field Annex Building 
Chicago, Illinois 


For The Ultimate Hardness Test—The Monotron 


(Operative On All Kaown Materials) 


THE LEADING ESTABLISHMENTS ARE NOW STANDARDIZING ON THIS HIGHLY PERFECTED TEST- 
ING MACHINE NOT ONLY BECAUSE THEY HAVE FORESIGHT BUT BECAUSE IT HAS DEFINITELY 
SOLVED THEIR TECHNICAL AND ECONOMIC PROBLEMS. It will solve your problems because it com- 
bines the best in competitive machines and eliminates their faults. Maximum speed and accuracy, irrespec- 
tive of surface or subsurface conditions. Ana- 
lytical testing including associated physical 
properties. Ask for Interesting Bulletins Free. 


For The 100% Portable Hardness Test 
The Seleroscope 


The genuine indispensability of this fast non- 
scoring test for especially metals is being rea- 
lized more every day. We now provide also 
equivalent Brinell Graduations yielding the 
familiar International Co-Standard Brinell- 
Shore Scales. To install our latest improved 
models is a gratifying investment. Interesting 
Bulletins Free. 


FOR TESTING THE HARDNESS AND 
ELASTICITY OF RUBBER, etc. 


No equipment is complete without the 
Durometer and Elastometer. Ask for Bulle- 


tins R-4 and R-5. The Monotron 
— + The Shore Instrument & Mfg. Co. 
Rubber Testers 9025 VAN WYCK AVENUE JAMAICA, N. 
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@ High pressure steam requires welds that are 
sound, through and through—there can be no com- 
promise! Visual weld examination reveals but little 
—surface indications only; physical tests of cou- 
pons, when possible, tell more—but not about that 
portion of the weld which will be put in actual 
service; tests to destruction are conclusive — but 
the object so tested is ruined. 

Little wonder, then, that with the increased use 
of fusion welding in the fabrication of pressure 
vessels,the x-ray has come to the fore as the method 
of choice for inspecting seams. It is thorough, 
efficient, practical, non-destructive and econom- 
ical, and provides a permanent record of every 
inspection for immediate and future reference. 

Ever alert to new developments in their field, 
the Erie City (Pa.) lron Works were quick to realize 
the advantage of x-ray “diagnosis.” Their decision to 
install a General Electric oil-immersed KXC-1 
x-ray unit was undoubtedly influenced by the en- 
viable record of performance this apparatus has 
made under conditions similar to their own. 

Intheoil-immersed KXC-1,General Electric 

INDUSTRIAL 


GENERAL ELECTRIC 


2012 JACKSON BLVD. = = = Branches in Principal Cities 


Now 
IN THE X-RAY DARKROOM 


K’s Welds 


presents an x-ray generator designed specifically for 
tube and boiler work. Operating at 300,000 volts, 
10 milliamperes, it is the highest-powered self- 
contained mobile x-ray unit in use today. An exclu- 
sive G-E feature is that all high-voltage parts— 
x-ray tube, Kenotron tubes, transformers and 
capacitors — are completely sealed in oil within a 
single lead-shielded steel head. It is accordingly 
100% shock-proof, ray- proof, dirt-proof and mois- 
ture-proof, and will operate at full efficiency from 
sea level to the highest habitable altitude. 

KXC-1 is but one of the many types of indus- 
trial x-ray equipment in the G-E line. Foundry, 
rolling mill and welding shop, assembly line and 
laboratory — all have troubles that can be elimi- 
nated with the aid of the x-ray... and General 
Electric has or will build an x-ray unit suited to 
the task. A consultation with our engineering 
staff, by mail or in person, entails no obligation 
and often proves profitable. 

May we analyze your problem? Asa preliminary, 

write today for the “case record” booklet In- 
dustrial Application of the X-Ray. 


DIVISION 


X-RAY CORPORATION 
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FORGING 


AND 


PRESSING 


Demand for Forgings of Close Dimensions and Weight Tolerance Has Resulted in 
More Precise, Rugged Forging Machinery and Unusual Precautions in the Shop 


... Product Must Meet Exacting Specifications, Unheard of a Few Years Ago 
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EUCLID BRANCH P. O. CLEVELAND 
CHICAGO OFFICE: 621 MARQUETTE BLDG. 


for 
SPEED IN PRODUCTION 
ACCURACY OF PRODUCT 
RANGE AND CAPACITY 


tjax Air Clutch Forging Machines provide the most 
advanced design of forging equipment ever offered. 
SEND FOR BULLETIN No. 65 


AJAX-HOGUE WIRE DRAWERS 


for producing cold-headed products from hot-rolled stock 
SEND FOR BULLETIN No. 111 
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OOKING BACK TEN YEARS OVER THE HIS- 
tory of the steel forging industry, one notes a number 
of important swings, some due to fundamental 
changes in other industries, some due to competition 
by castings and stampings, some due to improved 
metallurgy of steel, and others due to the business 
depression of the early 1930s. Frequently the causes 
are mixed, and the effects not recognized quickly - 
all of which goes to show that the management has 
had a difficult time in adapting plant and organiza- 
tion to needs of the day. In fact, problems of finance 
and organization have doubtless been more difficult 
to solve than the metallurgical ones. 

Comparing conditions as they exist today in the 
independent forge shop with those of ten vears ago, 
the most striking thing is the diversity of work going 
through the number of small jobs with special 
requirements and the comparative rarity of an order 
large enough and repeated often enough to warrant 
relocating a battery of machines and furnaces to 
handle heavy production in an economical and ex- 
peditious manner. It is unfortunately true that dur- 
ing the middle and late twenties many of the large 


users of forgings such as automobile manufac- 
turers — during a period of rapidly advancing sales 


of automobiles, added forging departments to their 
plants. At the same time, plants such as ours added 
materially to their equipment, and the industry finds 
itself over-expanded during the last few years of 
lower car sales, while at the same time the car manu- 
facturer finds himself with a forge department 
investment of his own. In 1934 the Transue & Wil- 
liams Steel Forging Corp. - 
By RW. a only one unit in the industry 
Matalhiecict 


e ie 


sue & Williams Steel Forging Corp. Alliance. O} 
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GRAIN CONTROL 


IN PRECISION 


DROP FORGINGS 


Controlling Grain Flow (as in This Wrist Pin) 
Is the Art of Forging a Billet so That the Fiber 
in the Original Bar Is Left Intact and Unsheared 


187 


4 
| 

~ 
| 

| 
ae 

| 

| 
| 
| 
| 

| 
| 
| 

| 
| 
Ag 
| 

| 
= 

‘a 


had almost as large capacity as the actual 


analysis (S.A.E. 3312 modified by higher nic 


combined production of all the independent forg- 3.79 to 4.25'.), purchased from the most exp 


ing plants for that vear. 


enced American manufacturer of this analysis 


This situation in the forging industry has steel. It has controlled fine grain, according 


brought about the installation of improved mod- 
ern equipment of the very latest type possible to 


the MceQuaid-Ehn test. The forgings must 
delivered with proper flow of fiber, with | 


obtain, resulting in a condition where it is possi- grain uncoarsened by the forging heat, mach 


ble to obtain prices from the forging specialist 
which are below the cost of the same prod- 
ucts made in their own departmental 


Extreme diversity of production is 
therefore the rule at present. Jobs are 
taken on that would not be considered 
worth bothering with in the old days, 
hoping that they will lead to close co- 
operation with newly developing enter- 
prises. We are inclined to suspect at 
times, too, that some of the larger in- 
dustries let us work out their more dif- 
ficult forgings! At any rate, it has 
brought the drop forger into contact 
with new problems of economical pro- 
duction of relatively small lots to meet 
diflicult’ specifications. It has caused 
us to install fuel control systems, heat 
treatment departments, cleaning and 
finishing equipment, and a metallur- 
gical control inspection” which 
would cause an old-timer to wonder 
what the world is coming to. 

Typical jobs made to these special 
requirements may be roughly grouped 
as those involving special alloys, those 
where grain size must be controlled, 
those made to close dimensions, and 
those that must be heat treated to close 
specification. 

Regarding the first item special 
alloys: Alloy steels are of course no 
novelty. However, stainless steel and 
forgeable brasses are rather unusual 
items for the average forge shop. An 
interesting article could be devoted to 
this alone, but the present author has 
published an article on forging the 
stainless steels in Merat Progress for 
April, 1933. 


Heat Control for Gear Blanks 


An outstanding example of the sec- 
ond type above mentioned is an &8-lb. 
forging for the main ring gear for rear 
axle transmission on heavy trucks. 
Steel required is the so-called Krupp 


able and free from internal stress or non-hon 
geneities which would cause undue warping 
shops. the very extensive subsequent heat treatment a 


Large Ring Gear Forging Being Finished on 10,000-Lb, Hammer. 
Correct grain flow, freedom from internal stress, and homo- 
geneous physical condition are essential in such a gear blank 
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chining. It is our problem, in other words, to 

n over a superfine forging to the gear cutter. 

ere our responsibility ends, although we are 

) n impressed with the fact that it is all too 

sy to spoil a good forging by improper carbu- 

ing or hardening, vet it is impossible to cor- 

ct bad forge practice by subsequent heat treat- 

ent, and it is all too difficult to convince some 

irchasers that care in the forge shop is worth 
little extra money, 

First requirement of a stress-free forging is 
Jow and thorough heating prior to hammer 
work. The 6-in. round 
sheared) weighing nearly 100 Ib. are pre- 
heated in a furnace at 1650° F., staving here a 
total of 2 hr. 45 min. They are then transferred 
quickly to the high heat furnace (2250° F.) re- 
maining there on the average 1 hr. 15 min., and 


slugs (sawed, not 


~ € are withdrawn for forging at a uniform heat of 
2225° F., 


nized, is rather hot, vet 


edge to center. This, it will be recog- 
it is necessary to forge 


this analysis near the upper limit because it is 


very tough, even when hot, and the central region 
of the mass does not move unless hot enough to 
be plastic, and hit hard enough by a big hammer. 
An 8000-lb. steam hammer is necessary so that 
the work can be done without too many blows, 
thus avoiding surface cooling by contact with 
Added time on a lighter hammer 
would mean more cooling by radiation, and the 
‘cold working” 


forging dies. 
gross result would approximate * 
of the metal, slightly below its narrow forgeable 
This condition would quickly show itself 
by cracks where roll marks, tiny seams or other 


range. 


slight imperfections occur in the original stock, 
ind by development of wrinkles and incipient 
aps on the stiff surface. 
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High heats such as this involve three impor- 
tant considerations, namely temperature control, 
scale production, and grain growth. The first 
two will be discussed later. The third can be dis- 
missed by saying that the steel as bought is an 
inherently fine grained steel which does not 
coarsen until a very high heat is reached, and 
what coarsening does occur is corrected by the 
hammer working. 

First operations on the round slug are be- 
tween dies with domed faces, which gather the 
metal in a heavy rim around a fairly thin center 
disk. The very center is punched out, and the 
ring returned to a third furnace. Here the hot 
pieces are soaked at 2100° F,. for 30 min. to 
equalize temperature edge to center, and finished 
in a die by a few blows on a 10,000-lb. steam 
hammer, and trimmed hot. This work is done 
quickly, and a milder temperature is necessary 
so the work may end near the lower limit of the 
forgeable range. Each piece as finished is cooled 


individually and out of drafts by spotting it 


carefully on the corrugated bottom of a tote box 
to insure an equal and uniform cooling on all 
surfaces. (Lime cooling is necessary in winter 
to prevent too rapid a temperature change). 

It is obvious that this job involves a number 
of essentials which can only be provided by care- 
ful organization correct heating, working 
under large hammers in dies which control the 
flow of fiber, reheating to avoid cold work, and 
controlled cooling. All these items are far re- 
moved from the free and easy practices of the 
drop forge industry in what might be called the 
“railroad spike era.” 

Outstanding examples of forging to close 
dimensions are seen in current specifications for 
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connecting rods for automobile engines. De- 
mand for quiet, well-balanced running, and de- 
sire to minimize expensive machine work have 
resulted in demands that the forge shop shall 
produce forgings within a weight tolerance of 
plus or minus 1 oz. This holds for about 30 
varieties produced by Transue & Williams, 
weighing from 2 to 4 lb. Further requirements 
are met by coin pressing the faces of the two 
ends, so that the thickness is within + 0.005 in. of 
dimension and one boss is parallel to the other 
within the limits zero to 0.005 in. Many such 
rods are merely broached for bearings and per- 
haps rifle-bored for oil supply, and are then 
ready to be matched by weight with others and 


assembled in the engine. 
Forging Connecting Rods 


The usual steel for connecting rods is S.A.E. 
1045, purchased as a controlled fine grained steel. 
From a forgeman’s standpoint, its principal ad- 
vantage is that such steel seldom or never cracks 
when flash is sheared off. His troubles begin 
when forgings of such size must be held to such 
close limits of weight. This means that dies 
must be accurately cut and placed in excellent 
hammers which can hold this accuracy. Further- 
more, the die must be reworked before it wears 
out (in the old sense of the word) whenever the 
wear increases the dimensions of the finished 
forgings beyond a very small limit. 

Stock must, of course, be accurate, but scale 
and decarburization must also be under control. 
The latter is of more importance to the pur- 
chaser. Of course, scale represents lost metal, 
and if too much is present pieces of it may get 
caught in the dies and make marks on the forg- 
ing that cannot be eliminated in later work. But 
the purchaser is now beginning to worry about 
decarburized skin in highly stressed forgings. 
Obviously if 0.45°% carbon steel is needed to carry 
the loads, trouble may arise in service if too much 
of this metal at the surface is a weaker steel con- 
taining half or less carbon content. 

Hot rolled bars from the steel mill have a 
skin from 0.012 to 0.015 in. thick which has nota- 
bly lower carbon than the bulk of the bar. This 
arises from the same conditions existing in the 
soaking pits and billet heating furnaces that are 
found in the forge furnaces — namely an atmos- 
phere that scales the steel and decarburizes the 
underlying metal. Therefore, even when an oil 
or gas flame is operated slightly on the “reduc- 
ing” side, the heating and forging operation will 
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scale off from 0.010 to 0.015 in., but at the sam 
time a slightly decarburized surface persists, 

This situation is intensified in the long: 
heats required for billets for large work, but 
present even when heating small bars. We hay 
experimented with atmospheric control to a co) 
siderable extent at Transue & Williams plan! 
and while some progress can be recorded, it i: 
significant to note that further investigations wil] 
undoubtedly bring us to improved conditions i: 
the future. 

Some notes on our present situation will bh: 
interesting: In the first place all forge fires ar 
centrally controlled — that is to say, the forg 
man has nothing to do with flame adjustments 
This step is seen to be necessary when the varied 
production as to alloy, size, die design and 
acceptance requirements is remembered. Tem- 
peratures are automatically controlled from a 
central pyrometer room; valve adjustments for 
fuel and air are also made by the heat super- 
visor. Definite schedules are set up by the metal- 
lurgical department for each forging, and must 
be followed. 

In the second place, the large fires are heated 
by diffusion combustion, where a series of alter- 
nate layers or blankets of gas and air fill the fur- 
nace. The advantages of this method of combus- 
tion have been discussed in several recent arti- 
cles, and need not be repeated. It is our aim, of 
course, to have a relatively thick layer of raw gas 
hugging the hearth, to protect the hot metal from 
reaction with oxygen. This it does, in fact, as 
long as doors or slots are closed and conditions 
inside are undisturbed by putting in cold work 
and withdrawing hot. Otherwise, suflicient dis- 
turbances are created to cause turbulent flow 
and loss of much of the theoretical advantag: 
of this type of protection. At its worst, however, 
we are satisfied that a diffusion gas flame is a dis- 
tinct step forward, and enables us to heat billets 
without producing more scale than on the origi- 
nal bar, and with the least decarburization. 

In other words, we are apprcaching a neutral 
atmosphere in our heating furnaces. The hot bi! 
let scales rather freely as soon as it is removed 
from the furnace and during forging; at this tim: 
decarburization is less active, and the result 
a finished forging wherein the surface has a be! 
ter approximation of the correct analysis tha 
anything achieved by the old and uncontroll 
methods of heating. 

A similar control of heating atmospher: 
must extend through subsequent hardening ope! 
ations, for connecting (Continued on page 1) 
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p R EF S E N T S The Model 35 Acme Forging Machine inaugurates a dis- 


tinctly new and novel sliding head propelled by an eccen- 

A New Smoothness tric main shaft. This construction not only eliminates the 

= : Mach; conventional Pitman movement, but provides 15% to 20% 

in Forging ACHING more power to header slide, constant alignment of heading 

e tools throughout complete cycle of stroke, freedom from 
vibration and better work. 


Strength and durability are built in, and Acme design 
enables the operator to work close to the machine, elimi- 
nating fatigue and providing ease of operation. 


Operation 


e Consult Acme Engineers on your work for greater pro- 
duction, continued accuracy and lasting economy. 


THE ACME MACHINE Re co. 
: CLEVELAND, OHIO, U.S.A. 
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URING the past five years National’s entire 
Engineering Staff has been working at full 


and the of 


"With a ‘background of. over years to 
build upon, these New and Improved Nationals — 
continue to set the pace of progress in the hot 
and cold heading, upsetting, and coining field. 


RING 


* 


ENpIcoTT FORGING & MrFc. Co... INC. 


PITTSBURGH 

4 
EVELAND 


ENDICOTT, N.Y. 


MANUFA 


TURERS OF 


ANY ANALYSIS DROP AND UPSET FORGINGS 
ARBON USEC 
ALLOY THE 
STAINLE 
TOOL STEE MODERN HEAT TREATING WORLD 
BRASS EQUIPMENT ELECTRICALLY CONTROLLED OVER 


SPECIALISTS IN GEAR FORGINGS WITH CONTROLLED GRAIN FLOW 
TO MEET YOUR CHEMICAL AND PHYSICAL SPECIFICATION 


Shr Sorging Seople who are here lo stay 


DROP FORGINGS 


(Continued from page 190) rods are ordinarily 
quenched and drawn to definite hardness. In 
other words, a neutral to slightly oxidizing at- 
mosphere is necessary in the furnace to control 
decarburization and produce a soft scale that will 
loosen completely in quenching, and thus prepare 
a uniformly hardened forging. Connecting rods 


are ordinarily restruck on the draw heat in 
reality a hot straightening operation and then 


coined when cold. 


Special Heat Treatments 


This matter of special heat treatment. is 
pushed to its extreme when purchasers specify 
not only the required hardness but “suggest” 
desired heat treating program and quenching 
medium. Of course, the luckless drop forger can 
disregard these suggestions if he wishes, but then 
he would have small defense against an over- 
zealous inspector! 

A case in point is an automobile forging now 
in production, made of S.A.E. X1035 (manga- 
nese on the high side, 0.70 to 0.90). This forg- 
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ing is Brinelled 100°¢ and must be within the 
range 269 to 321, which is not difficult to meet 
by a simple quench from 1500° F. and a draw at 
950. However, a cup has been pressed into one 
end, 7, in. deep and 1g in. wall, and quenching 
cracks will develop at the bottom of the walls 
inside or longitudinal cracks near the top. Owing 
to the carbon and manganese content, these thin 
walls harden to the center, and a water quench 
is too drastic. Hence it is necessary to quench 
these forgings in a 4° caustic solution, adjust the 
conveyor speed so they are taken out of the bath 
while stiil quite hot (400 to 600° F.) and placed 
immediately in the drawing furnace. It is my 
opinion, also, that the higher uniformity in 
Brinell tests on forgings quenched in caustic solu 
tion over those quenched in water is due to thy 
fact that caustic loosens the scale much mor 
quickly and thoroughly, thus removing an) 
blanketing effect and allowing the liquid to reac! 
immediately the clean, hot metal. 


* 


Perhaps this forging story has turned out t 
be more or less of a heat treating story. If so } 
is merely another proof that the drop forger t 
day has to be equipped to do the impossible (a 
viewed in 1925) if he is to remain in business. 
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When you use heat treated 

forgings, regardless of shape, size 

or quantity . . . or heat treated 

merchant bars in smail lots or car- 

loads . . . get them from Kropp! We 

specialize in heat treating and the making of 
"forgings to your specifications.” 


Our facilities for producing heat treated forg- 
ings and bars are unequalled! _ iilustrated 
are some of our heat treating furnaces, the large 
unit shown in the upper illustration being the 
longest batch furnace in jobbing service today. 
lt has a working capacity of 32’x4’x2'4” and is ‘ 
largely used for the heat treating of strips and 
bars. Ht is served by the bar straightening ma- 
chine, shown, for bringing bars to true straight- 
ness after heat treating . . . an added facility 
for our customers. The several box type fur- 
naces shown are used for heat treating smaller 
forgings and “chunky” pieces, their total daily 
capacity being many tons. 


No matter what your needs may be, in drop or 4 
steam hammer forgings, rough or finished, 
Hardened and Tempered, Normalized or An- ; 
 nealed, we assure you of prompt delivery, high 
quality “exact specification” workmanship and 
prices commensurate with quality. 


Kropp offers a complete service . . . forgings, : 
heat treating and finishing. Send for a copy of 
i 


our latest bulletin . . . “Unequalled Facilities.” 


KROPP FORGE COMPANY 


b 5301 W. Reosevelt Road Chicago, Hii. 
. LOCAL SALES OFFICES: 518 Hotel Mark Twain, St. Louis. 
252 Rockefeller Bidg., Cleveland. 818 S. Franklin St., Denver. 
3957 Ruckle St. Indianapolis. 642 N. Fifth St.. Milweukee. 


2567 West Grand Bivd., Detroit. 216 Pine St., San Francisco. 
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MANUFACTURERS’ 
CONTAIN VALUABLE DATA 


SENT FREE ON REQUEST 


Cast Iron Metallurgy 


One of International Nickel Co.'s 
data sheets tells all about the metal- 
lurgy of nickel cast iron in a not- 
too-technical manner. Special ap- 
plications to petroleum production 
equipment are stressed. Bulletin 
Ox-45. 


Hlectrotinning 


E. I. du Pont de Nemours & Co.’s 
new manual on the sodium. stan- 
nate-acetate electrotinning process 
is particularly timely. Electrode- 
position, at first considered useful 
only for tin coating of recessed and 
irregularly shaped objects, by rea- 
son of recent improved and eco- 
nomical methods is now being con- 
sidered favorably for all types of 
work. Bulletin Ox-29. 


Mo-W High Speed Steel 


In a four-page folder, The Cleve- 
land Twist Drill Co. announces the 
development of a new steel for high 
speed metal-cutting tools. Mo-Max 
steels are particularly suited to 
tools subjected to severe conditions 
of heat and abrasion. Physical 
characteristics and heat treating 
temperatures are discussed. Bulle- 
tin Ox-103. 


Grain Size Measure 


Classification of steels by grain 
size has become such an important 
laboratory procedure that Bausch 
& Lomb Optical Co., at the sugges- 
tion of Dr. Marcus A. Grossmann, 
has developed a grain size measur- 
ing eyepiece for microscopes which 
makes the determination a simple, 
routine matter. Described in Bul- 
letin Ox-35. 


Machine Steels 


Because of the rapidly increasing 
use of rolled steel in machine con- 
struction, Illinois Steel Co., in col- 
laboration with Carnegie Steel Co., 
has prepared a handsome technical 
booklet on this subject. It is one of 
the most complete works ever of- 
fered to cover this new field. Bul- 
letin Ox-1. 


Refractory Mortars 


How a good refractory mortar, 
properly fulfilling its functions of 
air-seal, cushion, and bond, will 
pay for itself in the extended serv- 
ice of furnace brickwork is told in 
Babcock & Wilcox’s bulletin giving 
properties and recommendations 
for using various mortars and plas- 
tics. Bulletin Ox-75. 
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Electromet Review 


A very attractive new house or- 
gan has recently made its appear- 
ance. It gives news and views of 
alloy steels and irons, but is mostly 
concerned with stainless steels. 
Electro Metallurgical Co. publishes 
it. Bulletin Ox-16. 


Nickel-Copper Steels 


Exceptional resistance to corro- 
sion and abrasion, increased tensile 
strength, and higher ductility are 
the qualities claimed for Youngs- 
town Sheet & Tube Co.’s new series 
of Yoloy steels. A summary of 
properties and notes on their char- 
acteristics are contained in Bulletin 
Ox-93. 


Vanadium Facts 


Revived after nearly 20 years is 
the house organ of Vanadium Corp. 
of America, “Vanadium Facts.” This 
paper shows considerable thought 
and care in its preparation and 
contains valuable and _ interesting 
information on vanadium steels. 
Bulletin Ox-27. 


Machining Handbook 


This litthe handbook giving ma- 
chining properties and a great deal 
of other related data for a wide va- 
riety of steels should be of much 
value in aiding the steel user to se- 
lect the right steel for the right pur- 
a Union Drawn Steel Co. Bul- 
etin Ox-83. 


Tool Steel Selector 


A wall chart, 30x20 in., to be 
used as a means for selecting the 
proper type of tool steel, is offered 
by Carpenter Steel Co. to tool steel 
users in the U.S.A. only. Bulletin 
Jzx-12. 


Die Steel 


Darwin & Milner has two folders 
on their “Neor” non-deforming 
high carbon chromium steel and 
“Patent Cobaltchrome” steel for 
dies. Properties, applications, and 
detailed instructions for treatment 
are given. Bulletin Ox-91. 


Double Strength Steel 


A large fund of authentic infor- 
mation on Republic Steel Corp.'s 
new double strength steel is con- 
tained in an article by Howard L. 
Miller reprinted from Proc- 
nESS. This steel promises wide ap- 
plication where a high tensile steel 
is required. Bulletin Ox-8. 


BULLETINS 


Amsco Alloy 


Amsco Alloy is the heat and cor 
rosion resistant alloy made by 
American Manganese Steel Co. Its 
many uses, including application 
suggestions on each different analy 
sis, are given in Bulletin Ox-9. 


Tool Room Furnace 


A new type of lining and one 
valve control are two of the features 
of the American Gas Furnace Co.'s 
new tool room oven furnace that 
would make it economical to re- 
place many older furnaces now in 
operation. Fully described in Bul- 
letin Ox-11. 


Optical Pyrometer 


A simplified optical pyrometer 
which is compact, easy to operate, 
light, and entirely self-contained is 
invaluable in iron and steel manu- 
facturing plants, heat treating, forg- 
ing, rolling, and wire drawing 
plants. Such an_ instrument is 
marketed by Pyrometer Instrument 
Co. and is fully described in Bulle- 
tin Ox-37. 


Industrial Thermometers 


A striking new Industrial Ther- 
mometer Catalog has just been is- 
sued by C. J. Tagliabue Mfg. Co. 
It contains 24 pages of conveniently 
arranged listings of industrial ther- 
mometers, miscellaneous metal and 
woodback thermometers, hygrom- 
eters, U gages, mercurial vacuum 
gages and mercurial barometers. 
Bulletin Ox-62. 


Phosphor Bronze 


An interesting little history of 
bronze from antiquity to the pres- 
ent prefaces a complete description 
of the properties, composition, uses, 
and shapes available of Seymour 
phosphor bronze in a folder by Sey- 
mour Mfg. Co. Bulletin Jyx-48. 


Burners and Valves 


Auxiliary equipment for indus- 
trial furnaces that will insure proper 
heat production and correct com- 
bustion, such as oil and gas burn- 
ers, blowers, regulating and shut-off 
valves, is fully described in Mahr 
Mfg. Co.’s illustrated booklet. Bul- 
letin Jyx-5. 


Compounds, Lubricants 


J. W. Kelley Co. s line of Beacon 
Brand products industrial oils, 
carburizing compounds, heat treat- 
ing salts, greases, and cleaners—is 
described in a tittle booklet which 
also tells about the company’s expe- 
rience, equipment, and facilities for 
quick service. Bulletin Ox-102. 


Sheffield Steels 


Wim. Jessop & Sons, Inc., have a 
leaflet which tells why a special an- 
neal and a proper balancing of car- 
bon, manganese and tungsten com- 
bine to make Sheflield Superior oil 
hardening steel non-distorting and 
easily machinable. Bulletin Jn-61. 
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Casting Problems 


Unusual casting problems that 
vere solved by the use of National 
\llov Steel Co.’s oxidation, corro- 
ion. and abrasion resisting castings 
irre shown in clever pictorial 
canner in an attractive folder. Bul- 
letin Ox-104. 


DX Units 


Surface Combustion Corp.’s DX 
unit is a machine for producing an 
inexpensive gas for controlled at- 
mospheres industrial heating 
processes. Its operation and ap- 
plications are covered in Bulletin 
Ox-ol. 


New Homo Furnace 


The new Homo furnace described 
in a bulletin issued by Leeds & 
Northrup provides for even temper- 


ing on a very dense load. <Auto- 
natic control includes a_ feature 
that prevents overshooting. Fine 


tempering on extra dense loads at 
low cost is provided. Bulletin Mx- 
16, 


Aluminum Castings 


new edition of the British 
Aluminium Co.’s booklet on “Alumi- 
num Alloy Castings” contains the 
latest casting specifications of the 
Society of Automotive Engineers 
and the American Society for Test- 
ing Materials in condensed form. 
Bulletin Ox-101,. 


Annealing Coiled Strip 


G-E bell-type furnaces for 
bright annealing coiled steel strip 
produce a uniform, high quality 
product is told by General Electric 
Co. in Bulletin Jyx-60. 


Useful Wall Chart 


Wiackol! Drawn Steel Co. offers a 
big new wall chart full of such use- 
ful data as comparative machin- 
ability of S.A.E. steels, tables for se- 
lecting steels according to machin- 
ability, cold) forming properties, 
carburizing and hardening ability. 
Bulletin Ox-99, 


Heat Treating Bath 


\ new folder on A. F. Holden 
Cos Light Case, which is showing 
10 to 20% for depths of 
up to 0.010 maximum as com- 
pared to sodium cyanide, is avail- 
able. Bulletin Ax-55. 


Polishing Machine 


\ reprint of an article from the 
ASM. Transactions by O. E. Romig 
and J. C. Whetzel is supplemented 
by photographs, specifications, and 
other information on the Cincinnati 
Electrical Tool Co.'s new metallo- 
kraphic polishing machine. Bulletin 
OXx-07, 


savings of 


Cause 


The Prevention of Rus? 


“Proof of Results” is the apt title 
of a new booklet issued by Dear- 
born Chemical Co. Dozens of pho- 
tographs, supported by an interest- 
ing text, show how No-Ox-Id keeps 
Steel from rusting. Bulletin Mr-36. 
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Brass and Copper Shapes 


A general classification of the di- 
versified products made by the 
American Brass Co. comprises cop- 
per and copper alloyed with zinc, 
tin, nickel, lead, silicon and manga- 
nese in all combinations that can 
be wrought into sheets, wire, rods, 
tubes and special shapes. Bulletin 
Ox-S9. 


Rotoblast 


A new blast cleaning machine 
eliminates the need for compressed 
air as the abrasive driving agent. 
Pangborn Corporation tells how a 
rapidly spinning wheel propels the 
abrasive by controlled centrifugal 
force. Bulletin Ox-68. 


Resistor Furnaces 


Hevi Duty Electric Co. announces 
the first of a line of industrial fur- 
naces using metallic resistor ele- 
ments, permitting operating temper- 
atures to 2300° F. in either oxidiz- 
ing or reducing atmospheres. Bul- 
letin Ax-44. 


Long Time Creep Tests 


Calorizing Co. offers a report pre- 
senting long time high temperature 
creep values on chromium-nickel 
alloys. This bulletin contains many 
pertinent data and recommenda- 
tions as to safe working stresses for 
heat enduring castings at tempera- 
tures from 1400 to 2000° F, Bulletin 
Mr-26. 


Fast-Cutting Steel 


Bliss & Laughlin, Inc., offer an in- 
teresting technical folder on Ultra- 
Cut Steel, giving performance rec- 
ords of this high-speed screw stock 
on automatic screw machines. Phys- 
ical data and microstructures are 
presented. Bulletin Ob-42. 


Heat Resisting Alloy 


Ohio Steel Foundry Co. offers an 
elaborate booklet covering the pro- 


duction of Fahrite heat resisting 
alloy castings, illustrating their 
many uses and giving comprehen 
sive metallurgical data. Bulletin 
Ob-40. 
X-Rays in Industry 

General Electric X-Ray Co. has 


available a profusely illustrated 
brochure which gives the complete 
story of the industrial applications 
of X-Rays, the modern inspection 
tool. Bulletin Ma-6. 


Stainless Steel Uses 


rhe wide range of applications of 
Allegheny Metal, best known of Al- 
legheny Steel corrosion and 
heat resistant steels, is pictorially 
covered in a new and interesting 
booklet. Bulletin Ob-92. 


Co.'s 


Pyrometer Supplies 


Claud S. Gordon Co. offers a large 
catalog giving prices and descrip- 
tions of the great variety of pyrom- 
eters and pyrometer accessories 
carried in stock for quick delivery. 
Bulletin Ob-53. 


Refractory Cements 


The control of heat in many in 
dustrial processes depends upon 
refractory materials that may be 
sprayed, painted, poured, trowelled, 
or rammed into position. Norton 
cements for these purposes are de 
scribed in a booklet which has an 
appendix giving tables and miscel 
laneous information of great value 
to furnace operators. Bulletin Ox 
SS-A, 


Forging Machines 


National Machinery Co. has pub 


lished a large and very attractive 
booklet which by excellent illustra 
tions and well written text tells 
how forging machines are built and 


they produce accurate forg 


Bulletin Ob-14. 


why 
mes. 


New Way to Case Harden 


method 


Chapmanizing, the new 
of surface hardening steel with ni 
trogen, is described in a very at 


tractive booklet of Chapman Valve 


Mfg. Co. Information is given out 
on the method itself and on its 
metallurgical advantages. Bulletin 
Ob-S0., 


Titanium in Steel 


The use of ferro-carbon-titanium 
in steel is thoroughly described in a 
booklet of Titanium Alloy Mfg. Co 
Titanium’s application in forgings, 
castings, rails, sheets and plates is 
interestingly explained, Bulletin 
M-O0, 


Belt Preservatives 


Houghton has something to say 
about belt preservatives in a foldet 
containing information on when, 


how, and why to use preservatives 
or dressing. Various types are de- 
scribed, Bulletin Ayx-3s. 


Pre-Heating Furnace 


General heat treating operations 
up to 1900° F., pre-heating of high 
speed steel, annealing and firing of 
glass are some of the applications 
listed in American Electric Furnace 
Co.'s folder on their new model B 
20 furnace. Bulletin Jx-2. 


Air-Clautch Forging 


Iwo bulletins are offered by Ajax 
Miz. Co. One tells about their air 
clutch forging machines in 2 to 7-in. 

according to the most 
design. The second ts 

with — the Ajax-Hogue 


sizes, made 
vivane 
concerned 


wire drawer, an attachment for 
heading machines which presents 
new economies. Bulletin Ox-1005. 


Furnace Insulation 


Johns-Manville offers to those 
who design or operate furnaces a 
new 72-page book describing insu 
lation methods which improve pet 
formance and reduce operating 
costs. Requirements for each pat 
ticular type of heating equipment 
are analyzed and detailed recom 


mendations made accordingly. Bul 
letin Ox-100, 
nal 
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Information on Bristol Co.’s Meta- 
meter, Which makes it possible 
to control temperatures, pressures, 
levels, and other process conditions 
or operations at any distant place, 
is contained in Bulletin Ax-87. 


Spoilage Insurance 


C. I. Hayes, Inc. has compiled a 
record of reports from over 300 
users of their “Certain Curtain” 
controlled atmosphere furnaces 
showing how these furnaces have 
cut down spoilage in the heat treat- 
ment of tools and parts. Bulletin 
Sx-15. 


Structural Welding 


Reprints of an interesting article 
in Journal of the American Welding 
Society by A. F. Davis, covering 
welding of penstocks, a bubble 
tower, siphons, pipe lines, and an 
ocean pier, have been prepared by 
Lincoln Electric Co. Bulletin Sx-10. 


Centrifugal Compressors 


B. F. Sturtevant Co. has a line of 
centrifugal compressors designed 
particularly for industrial furnace 
applications. These are illustrated 
and described in Bulletin Myx-58. 


Radium Radiography 


Advantages of portability, ease of 
application and manipulation § in 
examination of castings, forgings, 
molds, weldings, and assemblies are 
attributed to radium for industrial 
radiography. Details are given in 
a booklet issued by Radon Co., Bul- 
letin Jx-56. 


Steel Specifications 


A handy, up-to-date specification 
sheet for carbon and alloy steels is 
offered by Timken Steel & Tube Co. 
On one page are printed analyses of 
all important types of Timken 
steels. Bulletin Jy-71. 


Pyrometer Accuracy 


A thought-provoking folder of 
Hoskins Mfg. Company explains 
how the use of Chromel-Alumel for 
pyrometer lead-wires makes it pos- 
sible to take full advantage of mod- 
ern pyrometric instruments.  Bul- 
letin Ob-24. 


Pyrometer Drive Unit 


For installations where their po- 
tentiometer control pyrometers are 
to be used singly, the Foxboro Co. 
has developed an improved type of 
motor drive unit. A new bulletin 
describes this unit and gives com- 
plete details regarding Foxboro po- 
tentiometer controllers. Bulletin 
Ox-21. 
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Air-Operated Controllers 


The simplicity and outstanding 
performance of Brown Instrument 
Co.’s new Air-o-Line air-operated 
controllers, with their interchange- 
able control units and “ready-at- 
hand” adjustments, make them a 
revolutionary contribution to a 
large range of diversified indus- 
tries. Bulletin Ox-3. 


Silico-Manganese Sieel 
Silico-Manganese steel for heavy 
duty springs is the subject of Beth- 
lehem Steel Co.’s new folder giving 
its properties and recommendations 
for heat treatment. Bulletin Jyx-76. 


Balances 

A chainweight balance and a key- 
board balance are two new pieces 
of laboratory equipment whose 
speed and accuracy meet the most 
exacting demands of the user. Wm. 
Ainsworth & Sons, Inc., describes 
their complete line of balances and 
weights in Bulletin Ox-109. 


“X-Rays for Foundry 


Not only foundrymen, but all 
those interested in X-ray inspection 
for internal defects should be inter- 
ested in this booklet, which is in 
reality an interesting article on the 
subject, illustrated by excellent ra- 
diographs. Kelly-Koett Mfg. Co. 
Bulletin Ox-107. 


Tool Steels 


Three little folders concisely de- 
scribe three types of SKF _ tool 
steels, give their uses and recom- 
mendations for heat’ treatment. 
They are a carbon tool steel, an oil 
hardening steel, and a high alloy 
general purpose tool steel. Bulletin 
Ox-78. 


Cutting and Grinding 


Sun Oil Company has prepared 
a folder showing cutting and grind- 
ing operations with facts on use of 
oils in these operations. Bulletin 
Ob-52. 


Seamless Tubing 


A most interesting circular detail- 
ing the manufacture and production 
of cold drawn seamless tubing in a 
complete but non-technical manner 
is obtainable from Summerill Tub- 
ing Co. Bulletin Ox-108. 


Blast Gates 


A blast gate that combines the full 
pipe area of a heavy gate valve with 
the quick action of a stop-cock and 
costs less than either is described 
and illustrated in a folder by W. S. 
Rockwell Co., manufacturers of in- 
dustrial furnace equipment. Bulle- 
tin Ox-34. 


Forging Service 


An illustrated folder shows a 
number of unusual equipments used 
in the shops of the Kropp Forge Co., 
including the acetylene torch panto- 
graph, straightening equip- 
ments, etc. Bulletin Ox-77. 


v Metallographic Methods 


“WACO Service” suggests appli- 
cation of the newer methods to 
daily routine. Included are the 
new bakelite specimen mount, low 
cost polishers and grinders, and an 
offer of sample Selvyt polishing 
cloth. Wilkens-Anderson Co. Bulle- 
tin Ox-7. 


Stock List 


It takes six pages just to index the 
products described in Joseph T. 
Ryerson & Son’s Stock List. Prod- 
ucts vary from channels and angles 
to such things as stair treads, and 
materials are carbon, alloy and 
stainless steels, brass and copper, 
babbitt, and other non-ferrous met- 
als. Bulletin Ox-106. 


Laboratory Furnaces 


Tiny induction furnaces which 
will melt % Ib. of steel in 8 min. 
or 4 lb. of copper in 35 min. find a 
wide variety of uses in many kinds 
of laboratories. Ajax Electrothermic 
Corp. tells all about these small lab- 
oratory furnaces and the 3-kw. con- 
verter used with them in Bulletin 
Ox-41. 


Steel Data Sheets 


Wheelock, Lovejoy & Co. gives 
analyses, physical properties, heat 
treating instructions, and applica- 
tions of Hy-Ten, Economo, and 
S.A.E. alloy steels in concise and 
-asily usable form. Bulletin Ox-74. 


Gear Steels 


Those who have gear problems 
of any type can get valuable assist- 
ance from Endicott Forging & Mfg. 
Co., specialists in the manufacture 
of gear blanks. They carry in stock 
a large assortment of standard gear 
analyses and will manufacture to 
customer’s blueprints and specifica- 
tions. Bulletin Ox-65. 


Forging Machines 


The Acme Machinery Co. has just 
published an interesting bulletin 
on a distinctly new forging ma- 
chine—the Model 35 Acme. This 
booklet illustrates and fully de- 
scribes the new Acme Eccentric 
Header Slide which eliminates en- 
tirely the conventional Pitman con- 
struction. Bulletin Ox-39. 


Swedish Tool Steels 


“Pure-Ore” is a high carbon, high 
chromium Swedish steel especially 
valuable for dies in high production 
work. It is described in a folder 
by Kloster Steel Co., which is ac- 
companied by a second folder de- 
scribing “Swed-Oil,” a non-shrink- 
ing, oil hardening tool steel which 
assures safety in hardening. Bulle- 
tin Ox-72. 
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Misco Alloys 


Compositions, properties, and ap- 
cation of Misco stainless, heat, 
d corrosion resisting castings are 
en in an illustrated folder offered 

a pioneer producer, Michigan 
eel Castings Co. Bulletin Mx-84. 


Rockwell Tester 


The Rockwell Superficial Hard- 
ess Tester is applicable to far 
inner sheet and strip than the 
sular Rockwell. Its use for 
itrided and case hardened parts 
also described by Wilson Me- 
hanical Instrument Co. in Bulletin 


Myx-22. 


Controlled Steels 


Carnegie Steel Co. has published 

very interesting booklet which 
describes in some detail the process 
ontrol used in the production of 
uniform steels. Bulletin Je-85. 


Welding Metallurgy 


J. H. Critechett, vice-president of 
Union Carbide & Carbon Co., has 
prepared an exceptionally inform- 
itive discussion of the physical and 
chemical principles involved in the 
xy-acetylene welding of steel. Bul- 
letin Ayx-63. 


Conveyor Furnaces 


Continuous chain belt conveyor 
furnaces handle miscellaneous 
parts without pans or trays they 
ire efficient, uniform, and flexible 
in operation. Improved furnaces of 
this tvpe are described by Electric 
Furnace Co. Bulletin Ayx-30. 


Alcoa Aluminum 


The second edition of Aluminum 
Co. of America’s 92-page book on 
“Alcoa Aluminum and Its Alloys” 
is packed full of valuable technical 
ind practical data on all phases of 
the subject. Bulletin Ayx-54. 


Maintenance by Welding 


Industrial maintenance by Ther- 
mit welding is illustrated by actual 
applications to repair of street and 
railroad tracks, large machine parts, 
narine castings, crankshafts, and 
similar articles. Economy and per- 
manence are featured. Metal & 
rhermit Co. Bulletin Ayx-64. 


Turbo Compressors 


The new items in Spencer Tur- 
bine Co.’s bulletin are a new and 
smaller “Midget” turbo for indi- 
vidual mounting, a single-stage line 
which effects new economies, and 
the gas-tight turbos for acid and 
explosive gases. Bulletin Mx-70. 


Ultropak 


Two booklets are issued by E. 
Leitz, Inc., one containing descrip- 
tion and eatalog of their Ultropak 

icroscope equipment, and _ the 
ther a series of quotations and il- 
ustrations from scientists using the 
nethod. Get both by asking for 
Bulletin Ayx-47. 
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Heat Treating Manual 


A folder of Chicago Flexible 
Shaft Co. contains conveniently ar- 
ranged information on heat treat- 
ing equipment for schools, labora- 
tories and shops, and also illustrates 
the several types of Stewart indus- 
trial furnaces. Bulletin Ar-49, 


Big-End-Up 


Gathmann Engineering Co. briefly 
explains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg- 
regation and axial porosity. An 82% 
ingot-to-bloom yield of sound steel 
is usual. Bulletin Fe-13. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromi- 
um alloys manufactured by General 
Alloys Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Neophot 


“Neophot” is the name of a new 
metallograph of radically new de- 
sign and universal adaptability. <A 
pamphlet distributed by Carl Zeiss, 
Inc., gives its applications and fea- 
tures and is well illustrated with 
beautiful samples of micrographic 
work. Bulletin Jx-28. 


Ni-Ce Castings 


Compositions, properties, and 
uses of the high nickel-chromium 
castings made by The Electro Alloys 
Co. for heat, corrosion and abrasion 
resistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Carburizing Sieel 


High strength and ductility, forge- 
ability, and machinability, com- 
bined with superior case carburiz- 
ing properties, permit the attain- 
ment of maximum production with 
minimum cost. Such’ properties 
are obtainable in Jones & Laugh- 
lin’s Jalease steel. Bulletin Mx-950. 


Carburizing Boxes 


Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room = tem- 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Recuperators 


Results obtained with Carborun- 
dum Company's recuperators using 
Carbofrax tubes are fuel savings, 
closer temperature control, faster 
heating, and improved furnace at- 
mosphere. Complete engineering 
data regarding application to vari- 
ous types of furnaces are given in 
Bulletin Fx-57. 


Alloy Castings 


A new bulletin on corrosion and 
heat resisting alloy castings is of- 
fered by Michiana Products Corp., 
manufacturers of Fire Armor and 
Zorite and other heat and acid re- 
sisting castings. Bulletin Jyx-81. 


Testing with Monotron 


Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul- 
letin Je-33. 


Kanthal Alloys 


Cc. O. Jelliff Mfg. Co. offers a de 
scriptive booklet on Kanthal alloys. 
Certain of these alloys may be used 
as resistance elements; others are 
for furnace parts or other heat re- 
sisting applications. Full details 


are given in Bulletin Je-78. 


High Tensile Steels 


Three types of high tensile steel 
particularly adapted to the trans- 
portation industries are described 
in a folder from U. S. Steel Corp. 
These are a chromium-copper-sill- 
con steel for corrosion resistance, a 
medium manganese steel, and a 
strong structural silicon steel. Bul- 
letin Mx-79. 


Molybdenum in 1934 


Climax Molybdenum Co. presents 
their annual book giving new de 
velopments in molybdenum, partic- 
ularly as an alloy with iron and 
steel. The engineering data pre- 
sented are made clear by many 
tables and illustrations. Bulletin 
De-4. 


Tempering Furnace 


Technical details and operating 
data on Lindberg Steel Treating 
Co.’s new Cyclone electric temper- 
ing furnace, which has shown a re- 
markable performance record in 
steel treating operations, are given 
in Bulletin Fx-66. 
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Ferrous and non-ferrous stampings in various shapes 
and sizes are clean and bright annealed, uniformly, 
economically and with minimum of labor in continu- 
ous, recuperative and roller hearth type furnaces we 
have built. Die life is prolonged and pickling is en- 
tirely eliminated. A roller hearth type furnace for 
this purpose is shown at right.—No trays are used— 
net material. 


Bright Annealing Steel Wire 


The illustration at right shows two pit type furnaces 
with Elfurno gas generator for annealing steel wire in 
coils. Advantages include: increased tonnage per pit, 
improved fuel economy, more uniformly annealed wire, 
lower maintenance cost, decreased annealing time and 
labor requirements, and maximum flexibility—will 
produce bright surface, semi-bright or otherwise as 
required. 


| Copper Brazing and Soldering 


Many products formerly difficult or expensive to make 
in one piece are now being made in several pieces and 
economically and securely joined in continuous type 
brazing or soldering furnaces. Intricate assemblies 
are loaded on a belt or conveyor, carried through the 
furnace and discharged completely joined—neater, 
stronger and more economically than by any other 
method. An installation for this purpose is shown 
at right. 


The illustration at right shows one of several installa- 
tions of continuous, semi-continuous, and batch type 
nitriding furnaces we have made for the low cost pro- 
duction nitriding of miscellaneous parts. This furnace 
consists of a movable furnace chamber mounted on 
wheels and located above a stationary hearth on which 
the nitriding retorts are placed. The furnace can thus 
be operated over one or more retorts. 


Annealing Strip in oils 


Coiled strip in various widths is annealed in this re- 
turn recuperative furnace. The coils are loaded on 
trays and at regular intervals are automatically 
pushed through the recuperative chamber, into and 
across the heating chamber, and back through the 
recuperative chamber—the heat from the outgoing 
line preheats the ingoing material—saves fuel. 


We build furnaces for every heating and heat treating process, 
for any product cr production No job is too large or to un 
isua See the enlarged photographs of these and other out- 
tanding instellations in our Booth No. G-8 at the National 
Metal Expcsition, Chicago 
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herever 
Steel Is Made 
Big-End-Up Molds 
Do a Better Job! 


Teeming a jag of Gathmann big-end-ups at Republic 


\ OBODY appreciates more than does the buyer that big-end-up methods of ingot 
production mean finer steels. And when sound, dependable steels are required. he 
a specifies that they be made in accordance with recommended Gathmann practice. 


| The feature that contributes most to the quality of steels so produced is the big- 

end-up contour of the molds. This characteristic assures a degree of homogenity and 
soundness and a surface quality in the ingot and its product that are superior to 


. anything possible with big-end-down methods. 


Until quite recently, custom-made ingot molds were considered an unnecessary luxury 


in tonnage practice. Today, however, the largest plants in the world have their 
ips. molds designed by Gathmann. 


Big-end-up molds are recognized as necessary to economical production of all types 


dae of steel, not alone because of the better quality of the steel, but because of the high 
ded | percentages yielded into first-grade products. Bloom yields from Gathmann type 


ingots average 82°¢ or better in most practices. 


| Within the past few months several plants have made comparative tests with 
: Gathmann big-end-up and standard big-end-down molds in casting all of the various 
=i eee | types of steel which they produce. In the hundreds of heats (about 15,000 tons 
“bey, made in these tests, the vields averaged better than three percent increase over the 
standard practice. This represents a tremendous saving that is particularly impressive 


when the improvement in the quality of the interior and surface of the product is 
taken into consideration. 


Make your own comparative tests. You will find that modern Gathmann designs 
and methods will do for your practice what nothing else can — they will assure 
dependability with high vields in steel of any specification. 
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